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Obstructive sleep apnea (OSA), the 
most common sleep disorder, is 
characterized with repeated epi-
sodes of blockage of upper airway 
during sleep.  Currently, diagnosis 
and classification of OSA is based on 
the number of apnea and hypopnea 
events or desaturation events per 
hour. The purpose of this study was 
to create a novel diagnostic param-
eter containing information on se-
verity of individual obstruction and 
desaturation events. Adjusted AHI 
parameter was introduced and shown 
to improve the recognition of the 
patients with the highest risk of the 




































































































































































polygraphicȱ recordings.ȱ Unfortunately,ȱ AHIȱ andȱ ODIȱ doȱ notȱ provideȱ detailedȱ
informationȱonȱtheȱseverityȱofȱindividualȱobstructionȱevents.ȱȱ
Theȱ aimȱ ofȱ thisȱ thesisȱwasȱ toȱ investigateȱmorbidityȱ andȱmortalityȱ relatedȱ toȱ
obstructiveȱ sleepȱ apneaȱ andȱ toȱ introduceȱ novelȱ diagnosticȱ parametersȱ
incorporatingȱ informationȱ onȱ morphologyȱ andȱ durationȱ ofȱ obstructionȱ andȱ
desaturationȱevents.ȱTheȱmostȱpromisingȱofȱ theȱnewȱparametersȱwasȱobstructionȱ
severity,ȱwhichȱincorporatesȱtheȱdurationȱofȱobstructionȱandȱtheȱareaȱofȱtheȱrelatedȱ
desaturationȱ event.ȱTheseȱ issuesȱwereȱ investigatedȱ inȱ retrospectiveȱ studiesȱwithȱ
ambulatoryȱ polygraphicȱ recordingsȱ ofȱ menȱ (nȱ =ȱ 226Ȭ1068)ȱ referredȱ toȱ theȱ
DepartmentȱofȱClinicalȱNeurophysiologyȱatȱKuopioȱUniversityȱHospitalȱdueȱ toȱaȱ
suspicionȱofȱsleepȱdisorderedȱbreathingȱduringȱtheȱyearsȱ1993Ȭ2007.ȱInȱadditionȱtoȱ
reȬanalyzingȱ ambulatoryȱ polygraphicȱ recordings,ȱ informationȱwasȱ collectedȱ onȱ
morbidityȱ andȱ mortalityȱ ofȱ patients.ȱ Finally,ȱ anȱ adjustedȱ AHIȱ parameterȱ
connectingȱAHIȱandȱobstructionȱseverityȱwasȱ introducedȱ toȱallowȱ theȱuseȱofȱ theȱ
AmericanȱAcademyȱofȱSleepȱMedicineȱ (AASM)ȱGuidelinesȱ inȱ theȱdiagnosticsȱofȱ
theȱseverityȱofȱtheȱdisease.ȱ
Theȱpatientsȱwithȱmoderateȱ toȱ severeȱOSAȱhadȱ significantlyȱhigherȱmortalityȱ
ratesȱasȱ comparedȱ toȱ thoseȱwithoutȱOSA.ȱTheȱ severityȱofȱ individualȱobstructionȱ
eventsȱ showedȱ significantȱ variationȱ betweenȱ patientsȱ havingȱ similarȱ AHI.ȱ Theȱ
obstructionȱseverityȱparameterȱwasȱfoundȱsuperiorȱtoȱAHIȱonȱitsȱownȱinȱdetectingȱ
patientsȱ atȱ theȱ highestȱ riskȱ ofȱ sufferingȱ cardiovascularȱmortalityȱ orȱmorbidity.ȱ
Adjustedȱ AHIȱ wasȱ foundȱ toȱ beȱ easilyȱ applicableȱ andȱ potentiallyȱ suitableȱ forȱ
clinicalȱuse.ȱ
Theȱ novelȱ parametersȱ introducedȱ inȱ thisȱ thesisȱ provideȱ importantȱ
supplementaryȱ informationȱ toȱ AHIȱ whenȱ assessingȱ theȱ severityȱ ofȱ OSAȱ andȱ


























Obstruktiivinenȱ uniapneaȱ onȱ yleisinȱ aikuistenȱ unenȱ aikainenȱ hengityshäiriö.ȱ
Nykyinenȱ obstruktiivisenȱ uniapneanȱ diagnostiikkaȱ jaȱ luokitusȱ perustuvatȱ
poikkeavienȱ hengitysȬȱ jaȱ happidesaturaatiotapahtumienȱ lukumääräänȱ tunnissaȱ
unenȱ aikana.ȱ Käytetyimmätȱ diagnostisetȱ indeksitȱ ovatȱ apneaȬhypopneaȱ indeksiȱ
(apneaȬhypopneaȱ index,ȱAHI)ȱ jaȱhappidesaturaatioȱ indeksiȱ (oxygenȱdesaturationȱ
index,ȱODI).ȱValitettavastiȱAHIȱ jaȱODIȱeivätȱ sisälläȱ tarkempaaȱ tietoaȱyksittäistenȱ
poikkeavienȱhengitystapahtumienȱvakavuudesta.ȱ
Tässäȱ väitöskirjassaȱ tutkittiinȱ uniapneaanȱ liittyvääȱ sairastavuuttaȱ jaȱ
kuolleisuuttaȱ sekäȱ kehitettiinȱ uusiaȱ diagnostisiaȱ parametreja.ȱ Uusistaȱ
parametreistaȱ lupaavimmaksiȱ osoittautuiȱ obstructionȱ severityȱ Ȭparametri,ȱ jokaȱ
huomioiȱ poikkeavienȱ hengitystapahtumienȱ kestonȱ jaȱ niihinȱ liittyvänȱ
happidesaturaationȱpintaȬalan.ȱTutkimuksessaȱkäytiinȱ läpiȱ takautuvastiȱKuopionȱ
Yliopistollisessaȱ sairaalassaȱ vuosinaȱ 1993Ȭ2007ȱ tutkittujaȱpotilaitaȱ (nȱ =ȱ 226Ȭ1068),ȱ
jotkaȱ oliȱ lähetettyȱ uniapneaȬepäilynȱ vuoksiȱ ambulatoriseenȱ yöpolygrafiaan.ȱ
Analyysejäȱ vartenȱ potilaistaȱ kerättiinȱ sairastavuusȬȱ jaȱ kuolleisuustiedot.ȱ
VäitöskirjassaȱesiteltiinȱobstructionȱseverityȱȬparametriinȱperustuvaȱadjustedȱAHIȬȱ
parametri,ȱ jokaȱmahdollistaaȱ Americanȱ Academyȱ ofȱ SleepȱMedicine:nȱ (AASM)ȱ
suositustenȱmukaisenȱuniapneanȱvakavuudenȱluokittelun.ȱȱ
Kohtalaistaȱtaiȱvaikeaaȱuniapneaaȱsairastavillaȱpotilaillaȱtodettiinȱmerkittävästiȱ
korkeampiȱ kuolleisuusriskiȱ verrattunaȱ potilaisiin,ȱ joillaȱ eiȱ oleȱ uniapneaa.ȱ
Yksittäistenȱhengitystapahtumienȱvakavuudessaȱhavaittiinȱmerkittävääȱvaihteluaȱ
samanȱ AHI:nȱ omaavienȱ potilaidenȱ välillä.ȱ Obstructionȱ severityȱ Ȭȱ parametriȱ
osoittautuiȱ paremmaksiȱ kuinȱ AHIȱ selviteltäessäȱ suurimmassaȱ terveysriskissäȱ
oleviaȱ uniapneapotilaita.ȱ Adjustedȱ AHIȱ todettiinȱ mahdollisestiȱ sopivaksiȱ
kliiniseenȱkäyttöön.ȱ
UudetȱparametritȱparantavatȱkorkeimmassaȱsydänȬȱ jaȱverisuonitaudinȱ riskissäȱ
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Obstructiveȱsleepȱapneaȱ (OSA)ȱ isȱ theȱmostȱcommonȱadultȱsleepȱdisorderȱandȱanȱ
importantȱ factorȱ decreasingȱ qualityȱ ofȱ lifeȱ (Youngȱ etȱ al.,ȱ 2002).ȱ Theȱ diseaseȱ isȱ
characterizedȱ byȱ repeatedȱmechanicalȱ obstructionȱ ofȱ theȱ upperȱ airwayȱ duringȱ
sleepȱ (Kriegerȱetȱal.,ȱ2002).ȱOSAȱwasȱmentionedȱ inȱ literatureȱ forȱ theȱ firstȱ timeȱasȱ
earlyȱasȱ inȱmidȬ1800Ȭcenturyȱ inȱ theȱPickwickȱPapersȱbyȱCharlesȱDickens.ȱ Inȱmidȱ
1960s,ȱtheȱfirstȱmedicalȱstudiesȱonȱsleepȱapneaȱwereȱpublishedȱ(Gastautȱetȱal.,ȱ1966,ȱ
JungȱandȱKuhlo,ȱ1965).ȱ Inȱ1976ȱGuilleminaultȱ togetherȱwithȱDementȱproposedȱaȱ
measureȱ forȱ theȱ clinicalȱ classificationȱ ofȱOSA,ȱ theȱ apneaȬhypopneaȱ indexȱ (AHI)ȱ
(personalȱ communicationȱ withȱ Professorȱ Guilleminault).ȱ Theȱ mostȱ effectiveȱ
treatmentȱ forȱ theȱ diseaseȱ i.e.ȱ continuousȱ positiveȱ airwayȱ pressureȱ (CPAP)ȱ
treatmentȱwasȱintroducedȱbyȱSullivanȱetȱal.ȱinȱAustraliaȱ(Sullivanȱetȱal.,ȱ1981).ȱ
ȱ
OSAȱ isȱestimatedȱ toȱaffectȱ9Ȭ24%ȱofȱallȱmiddleȬagedȱ individualsȱ (Youngȱetȱal.,ȱ
1993).ȱ Inȱaddition,ȱOSAȱhasȱbeenȱassociatedȱwithȱanȱ increasedȱ riskȱofȱmortality,ȱ
especiallyȱdueȱtoȱcardiovascularȱmorbidityȱ(Heȱetȱal.,ȱ1988,ȱMarinȱetȱal.,ȱ2005,ȱWonȱ
etȱal.,ȱ2013).ȱSinceȱOSAȱisȱanȱimportantȱpublicȱhealthȱissue,ȱtheȱdiagnosisȱshouldȱbeȱ
achievedȱ asȱ earlyȱ asȱpossibleȱ andȱ theȱ patientsȱwithȱ theȱ highestȱ riskȱ needȱ toȱ beȱ
identifiedȱ reliably.ȱ Theȱ goldȱ standardȱ forȱ diagnosisȱ ofȱ OSAȱ isȱ fullȱ nightȱ
polysomnographyȱ (PSG)ȱ includingȱ theȱ followingȱ parameters:ȱ
electroencephalogramȱ (EEG),ȱ electroȬoculogramȱ (EOG),ȱ electromyogramȱ (EMG),ȱ
oronasalȱ airflow,ȱ chestȱ wallȱ movementȱ efforts,ȱ bodyȱ position,ȱ snoring,ȱ




OSAȱ (Collop,ȱ 2008).ȱCurrently,ȱ theȱdiagnosisȱ andȱ classificationȱ ofȱ theȱdiseaseȱ isȱ
basedȱonȱOSAȬrelatedȱsymptomsȱandȱtheȱnumberȱofȱapneaȱandȱhypopneaȱeventsȱ
orȱ desaturationȱ eventsȱ perȱ hour,ȱ i.e.ȱ theȱ apneaȬhypopneaȱ indexȱ (AHI)ȱ orȱ theȱ
oxygenȱ desaturationȱ indexȱ (ODI)ȱ asȱ assessedȱ inȱ polygraphicȱ recordingsȱ (Iber,ȱ
2007).ȱUnfortunately,ȱneitherȱAHIȱnorȱODIȱprovideȱinformationȱonȱtheȱseverityȱofȱ
theȱevents.ȱHowever,ȱitȱisȱpossibleȱtoȱuseȱmoreȱsevereȱODIȬvaluesȱ(e.g.ȱODI10ȱandȱ
ODI20),ȱ butȱ evenȱwithȱ theseȱ values,ȱ theȱ combinationȱ betweenȱ apnea/hypopneaȱ
eventsȱandȱdesaturationȱwillȱbeȱmissedȱandȱneitherȱtheȱlengthȱnorȱtheȱdepthȱofȱtheȱ
desaturationȱ eventsȱ isȱ evaluated.ȱ Inȱ addition,ȱ aȱ simultaneousȱ increaseȱ inȱ theȱ
durationȱandȱfrequencyȱofȱapneaȱandȱhypopneaȱeventsȱmayȱleadȱtoȱaȱparadoxicalȱ






andȱ toȱdisplayȱanȱelevatedȱmortalityȱ rate.ȱAlreadyȱ inȱ1989,ȱSalmiȱetȱal.ȱ reportedȱ
thatȱwhenȱconductingȱautomaticȱanalysis,ȱtheȱadditionȱofȱapneaȱpercentageȱvaluesȱ
(i.e.ȱ percentageȱ ofȱ apneicȱ timeȱ ofȱ recording)ȱ toȱ theȱ polygraphyȱ analysisȱ couldȱ
provideȱmoreȱ informationȱ thanȱAHIȱ onȱ itsȱ ownȱ (Salmiȱ etȱ al.,ȱ 1989).ȱ Thus,ȱ theȱ
presentȱ diagnosticȱ parametersȱ AHIȱ andȱ ODIȱ mightȱ notȱ revealȱ completelyȱ theȱ
overallȱseverityȱofȱtheȱdiseaseȱandȱtheȱphysiologicalȱstressȱthatȱitȱevokesȱ(Kulkasȱetȱ
al.,ȱ 2013a,ȱOteroȱ etȱ al.,ȱ 2010).ȱ Therefore,ȱ theȱ overallȱ severityȱ ofȱ desaturationȱ isȱ
clinicallyȱ routinelyȱ evaluated,ȱ forȱ example,ȱ asȱ theȱ timeȱ belowȱ 90%ȱ saturation.ȱ
Oteroȱetȱal.ȱalsoȱ reportedȱ thatȱ sometimesȱAHIȱ canȱunderestimateȱ theȱ severityȱofȱ
theȱ patient’sȱ conditionȱ (Oteroȱ etȱ al.,ȱ 2010).ȱ Theyȱ studiedȱ recentlyȱ differentȱ
parametersȱofȱ respiratoryȱairflowȱandȱdesaturationȱ inȱ274ȱpatientsȱandȱ reportedȱ
thatȱtheȱcombinedȱpercentageȱofȱtheȱsleepȱtimeȱthatȱtheȱpatientȱhadȱbeenȱinȱapnea,ȱ





allȱ patientsȱ referredȱ forȱ polysomnographyȱ e.g.ȱ dueȱ toȱ daytimeȱ somnolence.ȱ Forȱ
example,ȱthisȱwouldȱimproveȱtheȱidentificationȱofȱthoseȱpatientsȱwhoseȱindividualȱ
obstructionȱeventsȱareȱmoreȱsevere,ȱandȱinȱwhomȱtheȱclinicalȱdiseaseȱmayȱbeȱmoreȱ
devastatingȱ thanȱ expected.ȱ Itȱ isȱknownȱ thatȱ theȱbeneficialȱ treatmentȱoptionsȱ areȱ
alsoȱdifferentȱ inȱ individualȱpatients.ȱ InȱOSAȱpatientsȱwithȱmildȱdisease,ȱeffectiveȱ
treatmentȱmayȱultimatelyȱpreventȱtheȱpossibleȱappearanceȱofȱmanyȱsubsequentȱcoȬ
morbidities.ȱOtherwise,ȱ effectiveȱ treatmentȱ ofȱ severeȱOSAȱ e.g.,ȱwithȱCPAPȱmayȱ
alleviateȱorȱevenȱpreventȱtheȱmostȱsevereȱhealthȱconsequencesȱrelatedȱtoȱOSA.ȱ
ȱ
Oneȱ couldȱhypothesizeȱ thatȱdevelopingȱnovelȱparametersȱ thatȱwouldȱ includeȱ
informationȱ onȱ severityȱ ofȱ individualȱ obstructionȱ eventsȱ couldȱ provideȱ feasibleȱ
toolsȱforȱestimatingȱmoreȱeffectivelyȱtheȱtrueȱseverityȱofȱtheȱdisease.ȱInȱthisȱthesis,ȱ
thisȱ hypothesisȱ hasȱ beenȱ testedȱ inȱ retrospectiveȱ studiesȱ withȱ ambulatoryȱ
polygraphicȱ recordingsȱ ofȱ menȱ whoȱ hadȱ beenȱ referredȱ toȱ theȱ Departmentȱ ofȱ
ClinicalȱNeurophysiologyȱ atȱKuopioȱUniversityȱHospitalȱ dueȱ toȱ aȱ suspicionȱ ofȱ
sleepȱdisorderedȱbreathing.ȱBasicȱanthropometricȱdataȱ (height,ȱweight,ȱBMI)ȱandȱ
informationȱ onȱ age,ȱ smoking,ȱ theȱ useȱ ofȱ continuousȱ positiveȱ airwayȱ pressureȱ
(CPAP)ȱ treatmentȱandȱcardiovascularȱmorbidityȱwereȱcollectedȱ fromȱ theȱmedicalȱ
recordsȱ inȱKuopioȱUniversityȱHospital.ȱFurthermore,ȱ theȱprimaryȱandȱsecondaryȱ








Obstructiveȱ sleepȱ apneaȱ (OSA)ȱ isȱ definedȱ asȱ repeatedȱ episodesȱ ofȱ completeȱ orȱ
partialȱ blockageȱ ofȱ theȱ upperȱ airwayȱ duringȱ sleep.ȱ Theȱmusclesȱ inȱ theȱ upperȱ
airwayȱ temporarilyȱ relaxȱ andȱ theȱ airwayȱ isȱ narrowedȱ orȱ closedȱ andȱ breathingȱ























ofȱ pharyngealȱ collapseȱ areȱ aȱ reductionȱ inȱ theȱ competenceȱ ofȱmusclesȱ ofȱ upperȱ
airwayȱtoȱrespondȱtoȱtheȱrespiratoryȱchallengeȱduringȱsleep,ȱanȱincreaseȱinȱarousalȱ
thresholdȱ inȱ responseȱ toȱ respiratoryȱ neuralȱ and/orȱ humoralȱ stimulation,ȱ andȱ
instabilityȱ ofȱ ventilatoryȱ control.ȱ Theȱ upperȱ airwayȱ canȱ beȱ dividedȱ intoȱ threeȱ
regions,ȱ theȱnasopharynx,ȱ theȱoropharynxȱandȱ theȱhypopharynxȱ (figureȱ1).ȱ Inȱanȱ








Figure 1. The upper airway may be divided into three regions, the nasopharynx, the 
oropharynx and the hypopharynx. In OSA, an obstruction of upper airway occurs most 
often in the oropharynx. (Figure modified from http://www.webmd.com/sleep-
disorders/sleep-apnea/obstructive-sleep-apnea-blocked-upper-airway) 
Theȱupperȱairwayȱ isȱcomposedȱofȱnumerousȱmusclesȱandȱsoftȱ tissueȱbutȱ lacksȱ
anyȱ supportȱ fromȱ bonyȱ structures.ȱ Aȱ narrowȱ upperȱ airwayȱ isȱ generallyȱmoreȱ
proneȱtoȱcollapseȱthanȱaȱlargerȱone.ȱOSAȱpatientsȱhaveȱbeenȱreportedȱ(asȱmeasuredȱ
byȱ computedȱ tomographyȱ andȱmagneticȱ resonanceȱ imaging)ȱ toȱ haveȱ aȱ reducedȱ
crossȬsectionalȱ areaȱ ofȱ theȱupperȱ airwayȱwhenȱ comparedȱwithȱ subjectsȱwithoutȱ
OSAȱ(Burgerȱetȱal.,ȱ1992,ȱHaponikȱetȱal.,ȱ1983,ȱSchwabȱetȱal.,ȱ1995).ȱFurthermore,ȱitȱ




Increasedȱ negativeȱ airwayȱ pressureȱ stimulatesȱ upperȱ airwayȱmuscleȱ activity,ȱ
dilatingȱ theȱ pharyngealȱ airwayȱ andȱ maintainingȱ reasonableȱ levelsȱ ofȱ airflowȱ
resistanceȱduringȱawake.ȱInȱcomparisonȱwithȱnormalȱsubjects,ȱOSAȱpatientsȱhaveȱ
higherȱ activityȱ inȱ theirȱ genioglossusȱmuscleȱwhileȱ awake,ȱ butȱ notȱ duringȱ sleepȱ
leadingȱtoȱpharyngealȱcollapseȱ(Mezzanotteȱetȱal.,ȱ1992).ȱȱ
ȱ
ȱȱȱȱArousalȱ isȱ anȱ importantȱprotectiveȱmechanismȱ enablingȱ theȱ airwayȱ toȱ reopenȱ
(Remmersȱ etȱ al.,ȱ 1978).ȱ Itȱ hasȱ beenȱ reportedȱ thatȱ OSAȱ patientsȱ exhibitȱ moreȱ
movementȱ arousalsȱ thanȱ normalȱ subjectsȱ (Collardȱ etȱ al.,ȱ 1996).ȱ Thereȱ isȱ alsoȱ aȱ
correlationȱbetweenȱtheȱseverityȱofȱabnormalȱrespiratoryȱeventsȱandȱarousals,ȱwithȱ








reasonȱ forȱ theȱ increasedȱ thresholdȱ (Berryȱetȱal.,ȱ1996).ȱSleepȱapneaȱ increasesȱ theȱ






Ventilatoryȱ controlȱ isȱ believedȱ toȱ beȱ anȱ importantȱ contributorȱ toȱ theȱ
pathogenesisȱ ofȱOSAȱ (Eckertȱ andȱMalhotra,ȱ 2008).ȱPatientsȱwithȱOSAȱ haveȱ lessȱ
stableȱventilatoryȱcontrolȱandȱduringȱwakefulness,ȱtheȱresponseȱofȱOSAȱpatientsȱtoȱ
hyperoxicȱCO2ȱisȱhigherȱthanȱinȱcontrolsȱ(Hudgelȱetȱal.,ȱ1998).ȱȱ
2.2 RISK FACTORS 
Obesityȱ isȱ theȱmostȱ importantȱ singleȱ riskȱ factorȱofȱOSA.ȱHowever,ȱ severalȱotherȱ
factorsȱsuchȱasȱsmoking,ȱalcoholȱconsumption,ȱnasalȱcongestion,ȱmaleȱgenderȱandȱ
hormonalȱ changesȱ duringȱ menopauseȱ mayȱ alsoȱ affectȱ theȱ developmentȱ andȱ
progressionȱofȱOSAȱ (tableȱ 1).ȱFurthermore,ȱpatientsȱwithȱ cardiovascularȱdiseaseȱ
haveȱ aȱ highȱ prevalenceȱ ofȱ OSA.ȱ Consequently,ȱ patientsȱwithȱ congestiveȱ heartȱ
failure,ȱatrialȱfibrillation,ȱtreatmentȱresistantȱhypertension,ȱdiabetesȱtypeȱ2,ȱstroke,ȱ




overweightȱ (Duranȱ etȱ al.,ȱ 2001,ȱ FeriniȬStrambiȱ etȱ al.,ȱ 1994,ȱ Youngȱ etȱ al.,ȱ 1993,ȱ
Youngȱetȱal.,ȱ2002,ȱVgontzas,ȱ2008).ȱTheȱincreasedȱbodyȱweightȱimpairsȱbreathingȱ
inȱ manyȱ ways,ȱ includingȱ alterationsȱ inȱ upperȱ airwayȱ structureȱ andȱ function,ȱ
respirationȱdriveȱandȱobesityȬinducedȱhypoxemiaȱ(StrobelȱandȱRosen,ȱ1996).ȱItȱhasȱ





withȱOSA.ȱ Inȱ severelyȱobeseȱpopulations,ȱmoreȱ thanȱ everyȱ secondȱ individualȱ isȱ
sufferingȱfromȱmoderateȱtoȱsevereȱOSAȱ(Restaȱetȱal.,ȱ2001).ȱȱ
ȱ
Smokingȱ increasesȱ sleepȱ instabilityȱ andȱ causesȱ inflammationȱ ofȱ theȱ airwayȱ
(Wetterȱetȱal.,ȱ1994).ȱCurrentȱsmokersȱareȱ threeȱ timesȱmoreȱ likelyȱ toȱexhibitȱOSAȱ
thanȱ nonȬsmokersȱ (Wetterȱ etȱ al.,ȱ 1994)ȱ andȱ smokingȱhasȱ beenȱ claimedȱ toȱ beȱ anȱ
independentȱriskȱfactorȱforȱOSAȱ(Kashyapȱetȱal.,ȱ2001).ȱHowever,ȱinȱaȱstudyȱwithȱ









duringȱ wakefulnessȱ (Robinsonȱ etȱ al.,ȱ 1985)ȱ andȱ toȱ increaseȱ theȱ incidenceȱ ofȱ
desaturationȱandȱapneaȱeventsȱduringȱsleepȱ inȱasymptomaticȱvolunteersȱ (Taasanȱ
etȱ al.,ȱ 1981).ȱ Thisȱwasȱ encounteredȱ alsoȱ inȱ theȱ followingȱ night,ȱ evenȱwhenȱ noȱ





Nasalȱ congestionȱ oftenȱ resultsȱ fromȱ allergicȱ rhinitisȱ andȱ anatomicȱ
abnormalities,ȱ suchȱ asȱ septalȱ deviation,ȱ nasalȱ polypsȱ andȱ hypertrophiedȱ
turbinates.ȱPatientsȱwhoȱreportedȱnasalȱcongestionȱdueȱ toȱallergyȱwereȱ1.8ȱ timesȱ
moreȱ likelyȱtoȱhaveȱmoderateȱtoȱsevereȱOSAȱasȱcomparedȱtoȱthoseȱwithoutȱnasalȱ
congestionȱ (Youngȱ etȱ al.,ȱ 1997c).ȱHowever,ȱ Youngȱ etȱ al.ȱ alsoȱ reportedȱ thatȱ theȱ
strongestȱrelationshipȱwasȱ foundȱbetweenȱnasalȱcongestionȱandȱhabitualȱsnoringȱ
andȱ notȱwithȱAHIȱ (Youngȱ etȱ al.,ȱ 1997c).ȱOSAȱ hasȱ beenȱ linkedȱ toȱ chronicȱ nasalȱ
obstructionȱ alsoȱ inȱ otherȱ studiesȱ (Liistroȱ etȱ al.,ȱ 2003,ȱ Lofasoȱ etȱ al.,ȱ 2000).ȱ
Controversially,ȱinȱtheȱrecentȱreviewȱofȱKohlerȱetȱal.ȱchronicȱnasalȱobstructionȱwasȱ
postulatedȱ toȱplayȱonlyȱ aȱminorȱ roleȱ inȱ theȱpathogenesisȱofȱOSAȱ (Kohlerȱ etȱ al.,ȱ
2007).ȱ Theyȱ concludedȱ thatȱ aȱ reductionȱ inȱ nasalȱ resistanceȱ (byȱ nasalȱ dilators,ȱ
topicallyȱ appliedȱ steroidsȱ orȱ nasalȱ decongestants)ȱwouldȱ achieveȱ onlyȱ aȱminorȱ
improvementȱinȱOSAȱorȱinȱitsȱseverity.ȱȱ
ȱ
Menȱ haveȱ aȱ twoȱ toȱ threeȱ foldȱ riskȱ ofȱOSAȱ comparedȱ toȱwomenȱ (Strohlȱ andȱ
Redline,ȱ 1996,ȱ Youngȱ etȱ al.,ȱ 1997d).ȱ However,ȱ thisȱ differenceȱ mayȱ haveȱ beenȱ
exaggeratedȱbyȱreferralȱandȱdiagnosticȱbiases.ȱStrohlȱandȱRedlineȱreportedȱinȱ1996ȱ







womenȱ withȱ andȱ withoutȱ hormoneȱ replacementȱ therapyȱ wasȱ 0.6%ȱ andȱ 2.7%,ȱ
respectivelyȱ (Bixlerȱ etȱ al.,ȱ 2001).ȱ Premenopausalȱwomenȱwithȱ polycysticȱ ovaryȱ
syndromeȱhaveȱanȱincreasedȱprevalenceȱofȱOSAȱ(Fogelȱetȱal.,ȱ2001).ȱInȱtheȱstudyȱofȱ
Vgontzasȱetȱal.,ȱwomenȱwithȱpolycysticȱovaryȱsyndromeȱwereȱ30ȱtimesȱmoreȱlikelyȱ
toȱ sufferȱ fromȱ OSAȱ thanȱ theȱ premenopausalȱ controlsȱ (Vgontzasȱ etȱ al.,ȱ 2001).ȱ
Patientsȱwithȱpolycysticȱovaryȱsyndromeȱhaveȱhighȱlevelsȱofȱandrogenȱsecretion,ȱaȱ




endocrinologicalȱ disorders,ȱ suchȱ asȱ acromegaly,ȱ hypothyroidismȱ andȱCushing’sȱ
syndrome,ȱareȱriskȱfactorsȱofȱOSAȱ(SaaresrantaȱandȱPolo,ȱ2003).ȱȱ
Table 1. Reported risk factors of OSA 
ȱ
Risk factor Relative risk References 
Obesity ++++ (Peppard et al., 2000a, Strobel and Rosen, 
1996) 
Male gender +++ (Schwab, 1999, Young et al., 1993) 
Congestive heart failure +++ (Herrscher et al., Javaheri, 2006, Zhao et 
al., 2007, Ferreira et al., 2010) 
Hypertension ++ (Somers et al., 2008, Fletcher et al., 1985) 
Atrial fibrillation ++ (Braga et al., 2009, Gami et al., 2004) 
Diabetes type 2 ++ (Foster et al., 2009, Resnick et al., 2003, 
Einhorn et al., 2007) 
Stroke ++ (Bassetti and Aldrich, 1999, Dyken et al., 
1996, Good et al., 1996, Mohsenin and 
Valor, 1995, Wessendorf et al., 2000) 
Pulmonary 
hypertension 
++ (Dumitrascu et al., 2013, Sajkov and 
McEvoy, 2009) 
Nocturnal arrhythmias + (Javaheri et al., 1998, Lattimore et al., 
2003) 
2.3 CLINICAL FEATURES 
TheȱmostȱcommonȱsymptomȱinȱOSAȱisȱexcessiveȱdaytimeȱsleepiness.ȱBedȱpartner’sȱ





Table 2. Symptoms of OSA 
 
Nocturnal Diurnal 
Awakenings with choking Excessive sleepiness 
Snoring Morning headaches 
Nocturnal restlessness Changes in mood 
Insomnia Lack of concentration 
Increased perspiration during sleep Cognitive deficits, (e.g. memory impairment) 
Gastroesophageal reflux Impotence, decreased libido 
Nocturia Cough 






OSAȱ (Bennettȱ etȱ al.,ȱ 1999,ȱSullivanȱ andȱ Issa,ȱ 1985).ȱCPAPȬtreatmentȱ reducesȱ theȱ
numberȱ ofȱ apneaȱ andȱ hypopneaȱ eventsȱ thusȱ decreasingȱ theȱ arousalȱ indexȱ andȱ
relievingȱ theȱclinicalȱ symptomsȱ (Ballesterȱetȱal.,ȱ1999,ȱGuilleminaultȱetȱal.,ȱ1991).ȱ
However,ȱitȱhasȱbeenȱclaimedȱthatȱdifferencesȱinȱtheȱfrequencyȱofȱarousalsȱcanȱnotȱ
explainȱ theȱvariationȱ inȱ resultantȱ sleepinessȱ asȱ foundȱ inȱ theȱ SleepȱHeartȱHealthȱ
Studyȱ(Gottliebȱetȱal.,ȱ1999).ȱDespiteȱthisȱresult,ȱGottliebȱetȱal.ȱreportedȱaȱsignificantȱ




etȱ al.,ȱ 2002).ȱ Furthermore,ȱ OSAȱ patientsȱ haveȱ beenȱ reportedȱ toȱ displayȱ anȱ
increasedȱ riskȱ ofȱmotorȱ vehicleȱ andȱ occupationalȱ accidentsȱ (Georgeȱ etȱ al.,ȱ 1987,ȱ
Lyznickiȱetȱal.,ȱ1998,ȱUlfbergȱetȱal.,ȱ2000,ȱYoungȱetȱal.,ȱ1997a,ȱVoronaȱandȱWare,ȱ
2002,).ȱ Itȱmustȱalsoȱbeȱnotedȱ thatȱOSAȱpatient’sȱbedȱpartner’sȱ sleepȱmayȱalsoȱbeȱ
disturbed,ȱaffectingȱalsoȱhis/herȱqualityȱofȱlifeȱ(McArdleȱetȱal.,ȱ2001).ȱȱ
ȱ
Snoringȱ andȱ excessiveȱ daytimeȱ sleepinessȱ haveȱ beenȱ shownȱ toȱ beȱmutuallyȱ
associatedȱ togetherȱ (Gottliebȱetȱal.,ȱ2000,ȱGuilleminaultȱetȱal.,ȱ1991,ȱYoungȱetȱal.,ȱ
1993,ȱ Zielinskiȱ etȱ al.,ȱ 1999).ȱ Furthermore,ȱ almostȱ allȱ patientsȱwithȱ severeȱ OSAȱ
exhibitȱ snoringȬlikeȱ symptomsȱ (Restaȱ etȱ al.,ȱ 2001).ȱHowever,ȱ inȱ aȱ recentȱ review,ȱ




OSAȱ andȱmorningȱ headachesȱ areȱ knownȱ toȱ beȱ associated.ȱTheȱ prevalenceȱ ofȱ
morningȱheadachesȱhasȱbeenȱreportedȱtoȱvaryȱfromȱ11.8%ȱtoȱ74%ȱinȱOSAȱpatientsȱ
(Albertiȱ etȱ al.,ȱ 2005,ȱ Boutros,ȱ 1989,ȱGuilleminaultȱ etȱ al.,ȱ 1977,ȱKristiansenȱ etȱ al.,ȱ
2011,ȱ Lohȱ etȱ al.,ȱ 1999).ȱHowever,ȱmorningȱ headachesȱ haveȱ alsoȱ beenȱ linkedȱ toȱ
otherȱ sleepȬrelatedȱdisordersȱ (AldrichȱandȱChauncey,ȱ1990,ȱPocetaȱandȱDalessio,ȱ
1995,).ȱ InȱOSAȱpatients,ȱheadachesȱhaveȱbeenȱ linkedȱ toȱ theȱcerebralȱvasodilationȱ
triggeredȱ byȱ oxygenȱ desaturationȱ (Lohȱ etȱ al.,ȱ 1999).ȱ Inȱ fact,ȱ theȱ mechanismȱ
responsibleȱ forȱmorningȱ headachesȱ isȱ complexȱ andȱ involvesȱ alsoȱ hypercapnia,ȱ
sleepȱfragmentationȱandȱanȱincreaseȱinȱintracranialȱpressureȱ(JennumȱandȱJensen,ȱ




Cognitiveȱ dysfunctionȱ hasȱ beenȱ associatedȱ withȱ OSAȱ andȱ especiallyȱ anȱ
impairmentȱ ofȱ executiveȱ functionȱ andȱ attentionȱ hasȱ beenȱ describedȱ byȱ manyȱ





wasȱ reportedȱ toȱ exhibitȱ someȱ degreeȱ ofȱ neurocognitiveȱ dysfunctionȱ (Antonelliȱ
Incalziȱ etȱ al.,ȱ 2004).ȱ Adamsȱ etȱ al.ȱ foundȱ thatȱ evenȱ afterȱ excludingȱ comorbidȱ
conditions,ȱ impairmentȱ ofȱ workingȱ memory,ȱ declarativeȱ memoryȱ andȱ signalȱ
discriminationȱwereȱdirectlyȱ relatedȱ toȱ theȱ loweredȱnocturnalȱoxygenȱ saturationȱ
(Adamsȱ etȱ al.,ȱ 2001).ȱ Theȱ cognitiveȱ dysfunctionȱ isȱ thoughtȱ toȱ beȱ causedȱ byȱ
hypoxemiaȱ duringȱ sleepȱ orȱ toȱ excessiveȱ daytimeȱ sleepinessȱ (Lalȱ etȱ al.,ȱ 2012,ȱ
Verstraeten,ȱ 2007).ȱ Surprisingly,ȱ itȱ seemsȱ thatȱ CPAPȬtreatmentȱ onlyȱ partiallyȱ
improvesȱ theȱ cognitiveȱdysfunctionȱ evenȱ afterȱ completeȱ recoveryȱ fromȱdaytimeȱ
sleepinessȱ(FeriniȬStrambiȱetȱal.,ȱ2003).ȱȱ
2.3.2ȱNocturnalȱsymptomsȱ
Nocturiaȱ isȱcommonȱ inȱpatientsȱwithȱOSAȱ (Pressmanȱetȱal.,ȱ1996)ȱwithȱ47.8%ȱofȱ
patientsȱ sufferingȱ fromȱ itȱ (Hajdukȱetȱal.,ȱ2003).ȱHajdukȱetȱal.ȱ statedȱ thatȱwomenȱ
sufferȱnocturiaȱmoreȱthanȱmenȱ(60.0%ȱvs.ȱ40.9%)ȱandȱtheȱseverityȱofȱOSAȱisȱlinkedȱ
toȱtheȱseverityȱofȱnocturiaȱ(Hajdukȱetȱal.,ȱ2003).ȱInȱOSA,ȱtheȱincreasedȱintrathoracicȱ
pressureȱ causedȱ byȱ hypopneasȱ orȱ apneasȱ leadsȱ toȱ increasedȱ venousȱ returnȱ andȱ
atrialȱstretchȱwhichȱinducesȱfalseȱsignalsȱofȱfluidȱvolumeȱoverload.ȱInȱtheȱkidneys,ȱ
thisȱtriggersȱincreasedȱsecretionȱofȱatrialȱnatriureticȱpeptideȱandȱasȱaȱconsequence,ȱ





ofȱ OSAȱ patientsȱ sufferȱ fromȱ itȱ (Zanationȱ andȱ Senior,ȱ 2005).ȱ Inȱ theȱ generalȱ
populationȱ theȱ occurrenceȱ ofȱGERȱ isȱ aroundȱ 10%ȱ (Zanationȱ andȱ Senior,ȱ 2005).ȱ




50%ȱ vs.ȱ 9Ȭ15%ȱ inȱ generalȱ population)ȱ ofȱ insomniaȱ symptomsȱ inȱ OSAȱ patientsȱ
(Chung,ȱ2005,ȱKrakowȱetȱal.,ȱ2001,ȱSmithȱetȱal.,ȱ2004).ȱThisȱ seemsȱparadoxicalȱasȱ
theȱsameȱpatientsȱsufferȱalsoȱfromȱexcessiveȱdaytimeȱsleepiness.ȱ
2.4 DIAGNOSIS OF OBSTRUCTIVE SLEEP APNEA 
TheȱdiagnosisȱofȱOSAȱisȱbasedȱonȱinterviewȱandȱclinicalȱexaminationȱofȱtheȱpatientȱ








symptomsȱ ofȱ sleepinessȱ atȱ aȱ lowȱ activityȱ level,ȱ thenȱ theȱ severityȱ wouldȱ beȱ
classifiedȱasȱmoderateȱOSA.ȱ




Sleepiness SpO2 during sleep 
(%) 
AHI
Mild manifestation only when 
non-active, not 
necessarily daily, minimal 
disadvantages in social 
and working life 
 
average mean  90 and 
minimum  85 
5  AHI < 15 
Moderate daily symptoms, when 
low activity level and only 
little concentration is 
needed (e.g. attending a 
meeting, watching a 
movie) 
 
average mean < 90 and 
minimum  70 
15  AHI < 30 
Severe daily symptoms in 
situations which require 




average mean < 90 and 
minimum < 70 
30  AHI 
*Modified from The Report of American Academy of Sleep Medicine Task Force (1999) 
and Obstructive sleep apnea syndrome (online), Current Care Summary, 2010. 
 
Theȱ goldȱ standardȱ inȱ diagnosingȱ ofȱ OSAȱ isȱ overnightȱ polysomnographyȱ
(Douglasȱetȱal.,ȱ1992),ȱwhichȱinvolvesȱrecordingȱofȱe.g.ȱsleepȱstages,ȱrespirationȱandȱ
bloodȱoxygenȱ saturation.ȱHowever,ȱpolysomnographicȱ recordingsȱ inȱ specializedȱ








Theȱ firstȬnightȱ effectȱ isȱ aȱwellȬknownȱ phenomenon,ȱwhichȱ isȱ believedȱ toȱ resultȱ
fromȱ sleepingȱ inȱ theȱunfamiliarȱ environmentȱofȱ aȱhospital.ȱThisȱphenomenonȱ isȱ
characterizedȱwithȱlessȱtotalȱsleepȱtime,ȱaȱlowerȱsleepȱefficiencyȱindex,ȱmoreȱawakeȱ
timeȱafterȱ sleepȱonset,ȱ lessȱREMȬsleepȱandȱ longerȱREMȬlatencyȱ comparedȱ toȱ theȱ
followingȱnightsȱ (LeȱBonȱetȱal.,ȱ2003).ȱRecently,ȱNewellȱetȱal.ȱreported,ȱhowever,ȱ
thatȱtotalȱsleepȱtimeȱdidȱnotȱdifferȱsignificantlyȱbetweenȱtwoȱconsecutiveȱrecordingȱ
nights,ȱ andȱ inȱ theȱ OSAȬsuspectedȱ groupȱ noȱ statisticallyȱ significantȱ differencesȱ
wereȱ detectedȱ inȱ AHIȬvaluesȱ betweenȱ consecutiveȱ nightsȱ (Newellȱ etȱ al.,ȱ 2012).ȱ





severityȱ ifȱ theȱAHIȱofȱoneȱofȱonlyȱ theȱ twoȱnightsȱhadȱbeenȱusedȱ insteadȱofȱbothȱ
nights.ȱ Thisȱ isȱ aȱ goodȱ exampleȱ ofȱ theȱ impactȱ ofȱ nightȬtoȬnightȱ variability.ȱ Inȱ
addition,ȱLeȱBonȱetȱal.ȱreportedȱthatȱfirstȱnightȱrecordingȱshowedȱsignificantlyȱlessȱ
severeȱAHI,ȱwhileȱmeanȱO2ȱsaturationȱandȱmaximumȱO2ȱwereȱstableȱacrossȱnightsȱ
(Leȱ Bonȱ etȱ al.,ȱ 2000).ȱ Theyȱ concludedȱ thatȱ itȱwouldȱ beȱworthwhileȱ recordingȱ aȱ
secondȱpolygraphyȱnightȱifȱtheȱresultȱofȱtheȱfirstȱoneȱwasȱnegativeȱinȱpatientsȱwithȱ
clinicalȱsuspicionȱand/orȱsymptomsȱsuggestingȱofȱOSA.ȱHowever,ȱLojanderȱetȱal.ȱ
examinedȱ dataȱ fromȱ twoȱ polygraphicȱ assessments,ȱ theȱ findingsȱ wereȱ ratherȱ
similar,ȱ thereȱwereȱ noȱ significantȱ differencesȱ forȱ exampleȱ inȱ timeȱ spentȱ inȱ theȱ
supineȱpositionȱorȱ inȱ theȱclassificationȱofȱOSAȱandȱtheyȱproposedȱthatȱ inȱroutineȱ
clinicalȱworkȱoneȱnightȱpolygraphyȱisȱadequateȱ(Lojanderȱetȱal.,ȱ1998).ȱInȱtheȱdayȬ
toȬdayȱ routineȱ inȱ theȱ clinic,ȱ almostȱ everyȱpatientȱ isȱ subjectedȱ toȱ onlyȱ oneȬnightȱ
polygraphyȱforȱseveralȱreasonsȱ(e.g.,ȱcostsȱandȱfeasibility).ȱHowever,ȱtheȱfirstȬnightȱ
effectȱ shouldȱ beȱ takenȱ intoȱ accountȱ byȱ theȱ individualsȱ whoȱ analyzeȱ theȱ






notȱ linear.ȱ Ifȱ aȱ patient’sȱ baselineȱ partialȱ pressureȱ ofȱ oxygenȱ isȱ low,ȱ thenȱ anȱ
obstructiveȱeventȱ(apnea/hypopnea)ȱwillȱevokeȱdeeperȱdesaturationȱ(figureȱ2).ȱOnȱ
theȱotherȱhand,ȱpatientsȱwhoseȱbaselineȱO2ȱ levelsȱareȱmoreȱphysiologicalȱ tolerateȱ






Figure 2. Dissociation curve of oxygen –hemoglobin, the relationship between partial 
















ȱȱȱȱHowever,ȱ CO2ȱ isȱ aȱmoreȱ potentȱ regulatorȱ ofȱ respiratoryȱ driveȱ thanȱ oxygenȱ
(Deanȱ andȱ Nattie,ȱ 2010).ȱ ȱ Duringȱ sleep,ȱ hypercapniaȱ isȱ moreȱ likelyȱ toȱ driveȱ
breathingȱ thanȱ hypoxia.ȱ Itȱ hasȱ beenȱ reportedȱ thatȱ duringȱ anȱ obstructiveȱ apneaȱ
eventȱȬȱandȱespeciallyȱwithȱrepetitiveȱlongȱapneasȱ–ȱtheȱtranscutaneousȱCO2ȱ ȱlevelȱ
isȱ slightlyȱ increasedȱ (Gislasonȱ etȱ al.,ȱ 1989).ȱ Rauhalaȱ etȱ al.ȱ reportedȱ thatȱ theȱ
transcutaneousȱCO2ȱ levelȱ increasedȱduringȱ flowȱ limitation,ȱbutȱduringȱ apneaȱorȱ
hypopneaȱ episodesȱ thereȱwereȱ noȱ significantȱ elevationsȱ (Rauhalaȱ etȱ al.,ȱ 2007).ȱ
Theyȱstatedȱthatȱtheirȱpatientsȱwereȱeucapnic,ȱonlyȱmoderatelyȱobeseȱandȱalsoȱthatȱ
theirȱOSAȱwasȱmoderate,ȱandȱthatȱtheseȱreasonsȱmayȱhaveȱinfluencedȱtheȱresults.ȱ
Rimpiläȱ etȱ al.ȱ haveȱ veryȱ recentlyȱ reportedȱ thatȱ aȱ nocturnalȱ targetȱ CO2ȱ levelȱ isȱ
dependentȱ onȱ bothȱ perfusionȱ andȱ ventilation.ȱ Thisȱ levelȱ isȱ believedȱ toȱ beȱ
determinedȱbyȱseveralȱfactors,ȱe.g.ȱtheȱdegreeȱofȱrespiratoryȱdriveȱ(Rimpiläȱetȱal.,ȱ




Ambulatoryȱ sleepȱ recordingȱ devicesȱ haveȱ beenȱ usedȱ inȱ theȱ diagnosticsȱ ofȱOSAȱ
sinceȱ theȱ lateȱ1980’sȱ (Penzelȱetȱal.,ȱ1990).ȱ Inȱ theȱearlyȱdevicesȱonlyȱheartȱrateȱandȱ
breathingȱ i.e.ȱ snoringȱwereȱ recorded.ȱ InȱFinland,ȱ theȱStaticȬChargeȱSensitiveȱBedȱ
(SCSB)ȱ wasȱ introducedȱ inȱ 1979ȱ (Alihankaȱ etȱ al.,ȱ 1981).ȱ Thisȱ methodȱ enabledȱ
recordingȱ ofȱ bodyȱ movements,ȱ theȱ ballistocardiogramȱ andȱ breathingȱ effortsȱ
(Alihankaȱ etȱ al.,ȱ 1981).ȱ Althoughȱ interpretationȱ ofȱ SCSBȱ recordingsȱ wasȱ
challenging,ȱitȱwasȱusedȱinȱFinlandȱinȱdiagnosticsȱofȱsleepȱapneaȱuntilȱlateȱ1990s.ȱȱȱ
ȱȱ




ȱȱȱȱȱTheȱ clinicalȱ valuesȱ ofȱ ambulatoryȱ recordingȱ forȱ diagnosticsȱ ofȱ OSAȱ wereȱ
systematicallyȱ evaluatedȱ byȱ Flemonsȱ etȱ al.ȱ (2003).ȱ Theyȱ reportedȱ thatȱ theȱ
ambulatoryȱrecordingsȱexhibitȱvariableȱsensitivitiesȱ(31Ȭ100%)ȱandȱspecificitiesȱ(48Ȭ
100%)ȱ(Flemonsȱetȱal.,ȱ2003).ȱFlemonsȱetȱal.ȱ(2003)ȱdidȱnotȱfindȱthatȱanyȱgiven/oneȱ
deviceȱ typeȱ wasȱ superiorȱ toȱ theȱ others.ȱ However,ȱ alreadyȱ inȱ 1997ȱ AASMȱ
recommendedȱ thatȱ ambulatoryȱ recordingȱ withȱ theȱ typeȱ IIIȱ deviceȱ wouldȱ beȱ
appropriateȱforȱdiagnosticsȱofȱsleepȱapneaȱ(Chessonȱetȱal.,ȱ1997,ȱAASM,ȱ1997).ȱTheȱ
earlyȱdetectionȱ ofȱ theȱpatientsȱwithȱ severeȱOSAȱ canȱ achieveȱmajorȱmedicalȱ andȱ




OSAȱ (Collopȱ etȱ al.,ȱ 2007).ȱ Manyȱ factorsȱ suchȱ asȱ lowerȱ costȱ ofȱ ambulatoryȱ




beenȱ reportedȱ toȱ sleepȱ betterȱ duringȱ ambulatoryȱ recordingsȱ asȱ theyȱ canȱ beȱ
conductedȱ atȱ home.ȱ However,ȱ itȱ hasȱ toȱ beȱ keptȱ inȱ mindȱ thatȱ ambulatoryȱ




Table 4. Types of ambulatory devices as specified by the Task Force of the Standards 
of Practice Committee of the American Sleep Disorder Association and Task Force of 










Type I  7 EEG, EOG, EMG, 













recorded in a sleep 
center 
Type II  7 EEG, EOG, EMG, 






optional unattended complete 
polysomnography, 
but ambulatory 










only to diagnose 
sleep apnea 
Type IV 1-2 oxygen saturation 
and usually airflow 










EEG = electroencephalogram 
EOG = electro-oculogram 
EMG = electromyogram 
ECG = electrocardiogram 
ȱ
Theȱ Americanȱ Academyȱ ofȱ Sleepȱ Medicineȱ hasȱ beenȱ publishingȱ updatedȱ
detailedȱrecommendationsȱforȱrecordingsȱandȱanalysisȱofȱsleepȱstudies.ȱTheȱlatestȱ
recommendationsȱ wereȱ publishedȱ inȱ 2007ȱ andȱ 2012ȱ (tablesȱ 5ȱ andȱ 6).ȱ Theȱ







Table 5. Diagnostic criteria of respiratory events (AASM 2007) 
 















 90  10    
obstructive     entire period  
central     absent  





 30  10  4   
Hypopnea nasal  50  10  3   
pressure  50  10   yes 
RERA nasal 
pressure 










RERA = respiratory effort-related arousal 
RIP = respiratory inductance plethysmography 
Table 6. Diagnostic criteria of respiratory events (AASM 2012) 
 















 90  10    
obstructive     entire period  
central     absent  







 30  10  3   
Hypopnea nasal 
pressure 
 30  10   yes 
RERA nasal 
pressure 










RERA = respiratory effort-related arousal 




2.5 OSA AND CO-MORBIDITIES  
OSAȱ patientsȱ oftenȱ haveȱmanyȱ coȬmorbidities,ȱmostȱ importantlyȱ cardiovascularȱ
diseaseȱ(Peppardȱetȱal.,ȱ2000b,ȱShamsuzzamanȱetȱal.,ȱ2003,ȱYoungȱetȱal.,ȱ2004).ȱInȱ
OSA,ȱapneasȱandȱhypopneasȱcauseȱsympatheticallyȱmediatedȱvasoconstrictionȱandȱ
aȱ consequentȱ increaseȱ inȱ systemicȱ andȱ pulmonaryȱ pressure,ȱ elevatedȱ leftȱ
ventricularȱ afterloadȱ andȱ breathingȬrelatedȱ changesȱ inȱ cardiacȱ output.ȱAllȱ theseȱ
togetherȱ withȱ suddenȱ intraȬthoracicȱ pressureȱ changesȱ causeȱ hypoxia,ȱ
reoxygenation,ȱhypercapnia,ȱarousalsȱandȱsleepȱdeprivation.ȱTheseȱsituationsȱcanȱ













Figure 3. Suggested mechanisms that participate to increase the risk of 
cardiovascular co-morbidities in patients with obstructive sleep apnea (Modified from 



































x leptin resistance 









x coronary artery disease 
x myocardial infarction 
x nocturnal ST-segment 
descent 




x A-V block 
x atrial fibrillation 
 
congestive heart failure 
x systolic dysfunction 









Theȱ studiesȱ onȱ OSAȱ andȱ relatedȱ cardiovascularȱ eventsȱ andȱ allȬcauseȱ andȱ
cardiovascularȱ mortalityȱ areȱ summarizedȱ inȱ tableȱ 7.ȱ OSAȱ patientsȱ oftenȱ haveȱ
coexistingȱdiseasesȱ suchȱasȱobesity,ȱhypertensionȱandȱdiabetes.ȱThereȱareȱ strongȱ
indicationsȱ thatȱ thereȱ isȱ aȱ causalȱ interactionȱ betweenȱ OSAȱ andȱ cardiovascularȱ
diseaseȱ(Shamsuzzamanȱetȱal.,ȱ2003).ȱDuringȱsleep,ȱchangesȱinȱheartȱrateȱandȱbloodȱ
pressureȱusuallyȱappearȱ5Ȭ7ȱsecondsȱafterȱtheȱendȱofȱanȱobstructiveȱapneaȱevent.ȱInȱ
OSA,ȱ negativeȱ intrathoracicȱ pressure,ȱ hypoxiaȱ andȱ arousalsȱ areȱ theȱ mainȱ
pathophysiologicalȱfeaturesȱcausingȱcardiovascularȱconsequences.ȱȱ
ȱ






Inȱ OSAȱ patients,ȱ theȱ increaseȱ inȱ sympatheticȱ neuralȱ activityȱ triggeredȱ byȱ
repeatedȱhypoxiaȱandȱarousalȱeventsȱisȱthoughtȱtoȱbeȱtheȱmainȱmechanismȱbehindȱ
theȱ pathogenesisȱ ofȱ hypertension.ȱ Aȱ threeȬfoldȱ increaseȱ inȱ riskȱ ofȱ deȱ novoȱ
hypertensionȱ hasȱ beenȱ foundȱ withinȱ fourȱ yearsȱ ofȱ followȬupȱ ofȱ OSAȱ patientsȱ
havingȱ AHIȱ ǃȱ 15ȱ (Peppardȱ etȱ al.,ȱ 2000b).ȱ Furthermore,ȱ theȱ increaseȱ inȱ bloodȱ
pressureȱhasȱbeenȱreportedȱtoȱbeȱlinearȱasȱaȱfunctionȱofȱAHIȱ(Youngȱetȱal.,ȱ1997d).ȱ




wouldȱ beȱ associatedȱwithȱ hypertensionȱ (Nietoȱ etȱ al.,ȱ 2000).ȱ TheȱNationalȱHighȱ







Yaggiȱ etȱ al.ȱ reportedȱ thatȱ sleepȱ apneaȱ increasedȱ significantlyȱ theȱ riskȱ ofȱ strokeȱ
(Yaggiȱetȱal.,ȱ2005).ȱBasedȱonȱaȱlargeȱcohortȱstudy,ȱtheyȱreportedȱthatȱpatientsȱwithȱ
sleepȱapneaȱhadȱanȱelevatedȱriskȱ(hazardȱratioȱ=ȱ1.97)ȱtoȱsufferȱanȱinitialȱstrokeȱorȱ
deathȱ fromȱ anyȱ causeȱ comparedȱ theȱ controls.ȱ Theȱ riskȱ wasȱ reportedȱ toȱ beȱ
independentȱ ofȱ otherȱ cardiovascularȱ andȱ cerebrovascularȱ riskȱ factors,ȱ suchȱ asȱ
hypertensionȱ(Yaggiȱetȱal.,ȱ2005).ȱTheȱoccurrenceȱofȱsilentȱstrokeȱisȱalsoȱincreasedȱ
inȱOSAȱpatientsȱ (Minoguchiȱetȱal.,ȱ2007).ȱTheȱsoȬcalledȱsilentȱstrokeȱ isȱassociatedȱ
withȱ increasedȱ plateletȱ activationȱ andȱ systemicȱ inflammationȱ (Minoguchiȱ etȱ al.,ȱ







strokeȱmayȱ alsoȱ initiateȱ sleepȱ apnea.ȱ Sinceȱdysfunctionȱofȱmusclesȱ inȱ theȱupperȱ




Mohseninȱ andȱValorȱ haveȱ alsoȱ reportedȱ thatȱ strokeȱmightȱ causeȱ sleepȱ apneaȱ
(MohseninȱandȱValor,ȱ1995).ȱInȱtheirȱstudy,ȱnoneȱofȱpatientsȱhadȱaȱpreviousȱhistoryȱ
ofȱ snoring,ȱ apnea,ȱobesity,ȱhypersomnolenceȱorȱneurologicalȱ impairment,ȱbutȱ atȱ
theȱ oneȱ yearȱ followȬupȱ afterȱ aȱ stroke,ȱ theȱ prevalenceȱ ofȱ sleepȱ apneaȱwasȱ 80%.ȱ
StrokeȱpatientsȱwithȱOSAȱhaveȱbeenȱreportedȱtoȱhaveȱworseȱoutcomeȱandȱaȱhigherȱ
mortalityȱ rateȱ thanȱ strokeȱpatientsȱwithoutȱOSAȱ (Goodȱetȱal.,ȱ1996,ȱSahlinȱetȱal.,ȱ
2008).ȱDykenȱetȱal.ȱalsoȱreportedȱ thatȱ fourȱyearȱmortalityȱ forȱstrokeȱpatientsȱwasȱ
21%ȱandȱthatȱtheȱstrokeȱpatientsȱwhoȱdiedȱallȱhadȱsleepȱapneaȱ(Dykenȱetȱal.,ȱ1996).ȱ
Itȱhasȱalsoȱbeenȱshownȱ thatȱstrokeȱpatientsȱwithȱsleepȱapneaȱhaveȱaȱsignificantlyȱ
longerȱ admissionȱ timeȱ inȱ hospitalȱ andȱ aȱ significantlyȱworseȱ functionalȱ capacityȱ
whenȱ theyȱ returnȱhomeȱ (Kanekoȱ etȱal.,ȱ2003b).ȱSleepȱ apneaȱ canȱbeȱ treatedȱwithȱ
CPAP,ȱbutȱunfortunatelyȱstrokeȱpatientsȱhaveȱaȱrelativeȱlowȱlongȱtermȱcomplianceȱ
forȱCPAPȱwithȱvaluesȱasȱlowȱasȱ11Ȭ15%ȱbeingȱreportedȱ(Bassettiȱetȱal.,ȱ2006,ȱHuiȱetȱ






firstȱ andȱ thenȱ inȱ someȱ patientsȱ thisȱ eventuallyȱ leadsȱ toȱ heartȱ failure.ȱ Thoseȱ
patients,ȱ whoseȱ bloodȱ pressureȱ doesȱ notȱ dropȱ normallyȱ duringȱ sleepȱ (i.e.ȱ
nondippers),ȱhaveȱaȱgreaterȱriskȱforȱleftȱventricularȱhypertrophyȱandȱheartȱfailureȱ
(Verdecchiaȱetȱal.,ȱ1990).ȱInȱ1997,ȱPortaluppiȱetȱal.ȱreportedȱthatȱmaleȱhypertensionȱ
patientsȱwhoȱwereȱ nondippersȱ hadȱ aȱ higherȱ prevalenceȱ ofȱ OSAȱ thanȱ controlsȱ
whoseȱ bloodȱ pressureȱ declinedȱ normallyȱ duringȱ sleepȱ (Portaluppiȱ etȱ al.,ȱ 1997).ȱ
Patientsȱwithȱ heartȱ failureȱ haveȱ aȱ higherȱ prevalenceȱ ofȱ OSAȱ thanȱ theȱ generalȱ
population,ȱtheȱrelatedȱstudiesȱareȱsummarizedȱinȱtableȱ8ȱ(Ferrierȱetȱal.,ȱJavaheriȱetȱ
al.,ȱ1998,ȱ2005,ȱJavaheri,ȱ2006,ȱLofasoȱetȱal.,ȱ1994,ȱOldenburgȱetȱal.,ȱ2007,ȱSinȱetȱal.,ȱ
1999,ȱVazirȱetȱal.,ȱ2007,ȱWangȱetȱal.,ȱ2007,ȱYuminoȱetȱal.,ȱ2009).ȱ Itȱ isȱknownȱ thatȱ
CPAPȬtreatmentȱ reducesȱ bloodȱ pressureȱ duringȱ sleepȱ andȱ diminishesȱ negativeȱ
intrathoracicȱ pressureȱ changesȱ resultingȱ inȱ decreasedȱ leftȱ ventricularȱ afterloadȱ






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Yumino et al., 2009 218 29  10 34 37 
Oldenburg et al.,2007 700 27 > 5 25 36 
Wang et al., 2007 218 30  15 34 26 
Vazir et al., 2007 55 29 > 15 27 15 
Javaheri et al., 2006 100 NR  15 44 12 
Ferrier et al., 2005 53 28 > 10 31 53 
Sin et al., 1999 450 29  10 38 38 
Javaheri et al., 1998 81 28  15 44 11 
Lofaso et al., 1994 20 23  10 30 5 
NR= not reported 
ȱ
Theȱmostȱcommonȱcardiacȱarrhythmiaȱ isȱatrialȱ fibrillationȱ (AF)ȱ (Calkinsȱetȱal.,ȱ
2007,ȱWolfȱ etȱal.,ȱ1996)ȱandȱ itsȱ incidenceȱ isȱ reportedȱ toȱhaveȱbeenȱ increasingȱbyȱ







2004).ȱ Inȱ aȱ largeȱ studyȱ withȱ overȱ 3000ȱ subjects,ȱ bothȱ obesityȱ andȱ nocturnalȱ
desaturationȱwereȱfoundȱtoȱbeȱindependentȱriskȱfactorsȱforȱAFȱ(Gamiȱetȱal.,ȱ2007).ȱ
TheȱmultipleȱpathophysiologicalȱmechanismsȱofȱOSA,ȱi.e.ȱhypoxemia,ȱintrathoracicȱ






simultaneousȱ sympatheticȱ activationȱ ofȱ theȱ peripheralȱ bloodȱ vessels,ȱ thisȱ vagalȱ
responseȱ canȱ elicitȱ bradycardiaȱ (Dalyȱ etȱ al.,ȱ 1979,ȱ Somersȱ etȱ al.,ȱ 1992).ȱAsystoleȱ
usuallyȱ existsȱ inȱ REMȬsleepȱ andȱ isȱ connectedȱ withȱ overȱ 4%ȱ desaturationȱ
(Guilleminaultȱetȱal.,ȱ1983,ȱKoehlerȱetȱal.,ȱ1998).ȱHowever,ȱallȱOSAȱpatientsȱdoȱnotȱ
developȱbradycardia.ȱBeckerȱetȱal.ȱreportedȱthatȱaboutȱ7%ȱOSAȱpatientsȱgeneratedȱ
bradycardiaȱ andȱ allȱ ofȱ themȱ hadȱ severeȱ OSAȱ (Beckerȱ etȱ al.,ȱ 1995).ȱ Theyȱ alsoȱ





OSAȱ isȱ anȱ independentȱ riskȱ factorȱ forȱ coronaryȱ arteryȱdiseaseȱ (Shaharȱ etȱ al.,ȱ
2001).ȱ Thereȱ areȱ reportsȱ thatȱ betweenȱ 20%ȱ toȱ 100%ȱ ofȱ allȱOSAȱ patientsȱ exhibitȱ
nocturnalȱSTȬsegmentȱchangesȱwithȱtheȱprevalenceȱbeingȱconnectedȱwithȱseverityȱ
ofȱOSA,ȱ especiallyȱwithȱ oxygenȱdesaturationȱ (Franklinȱ etȱ al.,ȱ 1995,ȱ Peledȱ etȱ al.,ȱ
1999).ȱPatientsȱwithȱ severeȱOSAȱ haveȱ aȱ significantlyȱ increasedȱ riskȱ ofȱ sufferingȱ
fatalȱcardiovascularȱeventsȱcomparedȱtoȱcontrolsȱmatchedȱforȱageȱandȱBMIȱandȱtheȱ
riskȱdecreasedȱwithȱCPAPȬtreatmentȱ(Marinȱetȱal.,ȱ2005).ȱOSAȱpatients,ȱwhoȱdoȱnotȱ
haveȱ cardiovascularȱ diseases,ȱ haveȱ beenȱ claimedȱ toȱ displayȱ earlierȱ signsȱ ofȱ
atherosclerosisȱthanȱcontrolsȱwithoutȱOSAȱ(Dragerȱetȱal.,ȱ2005).ȱȱ
Furthermore,ȱ patientsȱwithȱ peripheralȱ arterialȱ diseaseȱ haveȱ beenȱ reportedȱ toȱ
experienceȱOSA,ȱ ȱandȱ thatȱ thoseȱOSAȱpatientsȱwho/whichȱhaveȱAHIȱ>ȱ20ȱhaveȱaȱ
strongȱassociationȱwithȱlongȬtermȱmorbidityȱandȱmortalityȱ(Utriainenȱetȱal.,ȱ2014).ȱ
Peripheralȱ arterialȱdiseaseȱ isȱanȱatheroscleroticȱ syndromeȱbeingȱaȱ signȱofȱ severeȱ
systemicȱvascularȱdiseaseȱ(Hirschȱetȱal.,ȱ2001).ȱ
ȱ
OSAȱ andȱ typeȱ 2ȱ diabetesȱmellitusȱ shareȱ similarȱ riskȱ factors,ȱ suchȱ asȱ obesity,ȱ
hypertensionȱandȱimpairedȱglucoseȱtolerance.ȱHypoxiaȱcausesȱglucoseȱintoleranceȱ
(Oltmannsȱ etȱ al.,ȱ 2004)ȱ andȱ connectionȱ betweenȱ OSA,ȱ insulinȱ resistanceȱ andȱ
impairedȱ glucoseȱ toleranceȱ hasȱ beenȱ reportedȱ (Ipȱ etȱ al.,ȱ 2002).ȱ OSAȱ isȱ
independentlyȱassociatedȱwithȱinsulinȱresistance,ȱwhichȱisȱaȱcrucialȱcomponentȱinȱ
theȱpathogenesisȱofȱ theȱmetabolicȱsyndromeȱ (Reaven,ȱ1988,ȱTahraniȱetȱal.,ȱ2013).ȱ
Thisȱ linkȱ isȱ supportedȱ byȱ theȱ beneficialȱ effectȱ ofȱ CPAPȬtreatmentȱ onȱ insulinȱ
resistanceȱ(Babuȱetȱal.,ȱ2005,ȱHarschȱetȱal.,ȱ2004).ȱRecently,ȱsnoringȱandȱwitnessedȱ
apneasȱwereȱreportedȱtoȱbeȱrelatedȱtoȱdiabetesȱmellitusȱinȱwomenȱ(Valhamȱetȱal.,ȱ









RecentlyȱOSAȱ hasȱ alsoȱ beenȱ associatedȱwithȱ nonȬcardiovascularȱ coȬmorbidities.ȱ
Anȱ increasedȱ cancerȱ mortalityȱ hasȱ beenȱ reportedȱ inȱ OSAȱ patientsȱ (CamposȬ
Rodriguezȱetȱal.,ȱ2013,ȱNietoȱetȱal.,ȱ2012).ȱTheȱkeyȱ roleȱ inȱ regulatingȱ theȱvariousȱ
stagesȱofȱ tumorȱ formationȱandȱprogressionȱ isȱhypoxiaȱ (chronicȱandȱ intermittent)ȱ
(Dewhirst,ȱ2007,ȱLiuȱetȱal.,ȱ2010,ȱToffoliȱandȱMichiels,ȱ2008).ȱHypoxiaȱduringȱsleepȱ
hasȱ beenȱ independentlyȱ associatedȱwithȱ anȱ increasedȱ riskȱ ofȱ cancerȱ (CamposȬ
Rodriguezȱetȱal.,ȱ2013).ȱFurthermore,ȱwhenȱcomparingȱOSAȱpatientsȱwithȱnormalȱ








independentlyȱ associatedȱ withȱ diabeticȱ neuropathyȱ evenȱ afterȱ adjustmentȱ forȱ
confoundersȱ(Tahraniȱetȱal.,ȱ2012).ȱFurthermore,ȱtheyȱreportedȱthatȱtheȱseverityȱofȱ
diabeticȱ neuropathyȱ correlatedȱ significantlyȱ withȱ theȱ severityȱ ofȱ OSAȱ andȱ theȱ
prevalenceȱ ofȱ diabeticȱ neuropathyȱ increasedȱwithȱworseningȱ hypoxemia.ȱ Theyȱ
postulatedȱ thatȱ theȱ significantȱ correlationȱ betweenȱ serumȱ nitrotyrosineȱ andȱ
nocturnalȱ hypoxemiaȱ couldȱ indicateȱ thatȱ nitrosativeȱ stressȱ wasȱ theȱ potentialȱ
mechanisticȱlinkȱbetweenȱOSAȱandȱdiabeticȱneuropathy.ȱȱ
ȱ
PatientsȱwithȱOSAȱ haveȱmoreȱ chronicȱ dailyȱ headachesȱ orȱ frequentȱmorningȱ
headachesȱ thanȱ theȱ generalȱ populationȱ sufferȱ (Rainsȱ etȱ al.,ȱ 2008).ȱ Furthermore,ȱ
patientsȱwithȱOSAȱareȱeightȱtimesȱmoreȱlikelyȱtoȱsufferȱfromȱclusterȱheadachesȱandȱ
overweightȱOSAȱpatientsȱ areȱ 24ȱ timesȱmoreȱ likelyȱ toȱdevelopȱ clusterȱheadachesȱ
(Nobreȱetȱal.,ȱ2005).ȱ Inȱaddition,ȱ inȱpatientsȱwithȱepilepsy,ȱ thereȱ isȱaȱ reportȱofȱaȱ
bidirectionalȱrelationshipȱbetweenȱ theȱseizureȱ frequencyȱandȱOSAȱ (Malowȱetȱal.,ȱ





2013).ȱOSAȱpatientsȱ sufferȱ intermittentȱhypoxiaȱandȱalteredȱ sympatheticȱactivityȱ
andȱ theseȱ areȱ factorsȱ believedȱ toȱ activateȱ epileptogenicȱ regionsȱ ofȱ theȱ brain,ȱ
leadingȱtoȱsubsequentȱloweringȱofȱtheȱseizureȱthresholdȱ(Malowȱetȱal.,ȱ2000).ȱThisȱ
isȱ supportedȱ byȱ anȱ earlierȱ studyȱ reportingȱ thatȱ CPAPȬtreatmentȱ ofȱOSAȱ couldȱ
reduceȱtheȱfrequencyȱofȱseizuresȱ(Beranȱetȱal.,ȱ1997).ȱȱȱ
2.6 TREATMENT  
Continuousȱpositiveȱairwayȱpressureȱ(CPAP)ȱisȱtheȱgoldȱstandardȱofȱtreatmentȱinȱ
moderateȱ toȱsevereȱOSAȱandȱalsoȱ inȱ individualsȱwithȱmildȱOSAȱwithȱprominentȱ
symptomsȱorȱwhoȱareȱatȱaȱhighȱcardiovascularȱrisk.ȱTheȱotherȱ treatmentȱoptionsȱ
includeȱbehavioralȱguidance,ȱ surgicalȱmodificationȱofȱ theȱairwayȱandȱ theȱuseȱofȱ
oralȱ appliancesȱ (figureȱ 4).ȱ Theȱ behavioralȱ guidanceȱ includesȱ encouragementȱ toȱ
adoptȱ lifestyleȱmodificationȱ leadingȱ toȱweightȱ lossȱ andȱ aȱ reductionȱ inȱ alcoholȱ
consumptionȱandȱsmoking.ȱSleepingȱpositionȱtherapyȱ(i.e.ȱaȱmethodȱthatȱkeepsȱtheȱ








Figure 4. Flow diagram for the treatment of OSA. The treatment of choice is CPAP, 
even in patients with mild OSA. In addition, every overweight patient should be 
encouraged to strive for weight reduction. (Modified from Mannarino et al. 2012), 
UPPP = uvulopalatopharyngoplasty 
CPAPȱisȱtheȱgoldȱstandardȱforȱtreatingȱOSAȱinȱitsȱmoderateȱandȱsevereȱdiseaseȱ
formsȱ andȱ alsoȱ inȱ mildȱ OSAȱ whenȱ thereȱ areȱ severeȱ symptoms.ȱ CPAPȱ wasȱ
introducedȱ inȱ1981ȱbyȱSullivanȱetȱal.,ȱandȱbecameȱquicklyȱwidelyȱusedȱ inȱclinicalȱ
practiceȱ(Sullivanȱetȱal.,ȱ1981).ȱAȱCPAPȱdeviceȱprovidesȱappropriateȱairȱpressureȱtoȱ
theȱ upperȱ airwayȱ effectivelyȱ preventingȱ theirȱ obstructionȱ andȱ thusȱ eliminatingȱ
apneasȱ andȱhypopneas.ȱ SinceȱCPAPȱ reducesȱ intrathoracicȱpressure,ȱ itȱdecreasesȱ








inȱ itsȱ limitedȱ individualȱ toleranceȱwhichȱ isȱonlyȱ inȱ theȱrangeȱofȱ50Ȭ85%ȱ (Groteȱetȱ
al.,ȱ 2000,ȱ Sinȱ etȱ al.,ȱ 2002).ȱ Theȱ CPAPȬmaskȱ mayȱ causeȱ discomfort,ȱ evenȱ
claustrophobia,ȱnasalȱcongestionȱandȱdifficultiesȱinȱexhalingȱ(Berry,ȱ2000,ȱRolfeȱetȱ













































describedȱaȱ40%ȱreductionȱ inȱAHIȱ inȱtheȱweightȱ lossȱgroupȱandȱtwoȱoutȱofȱthreeȱ
patientsȱwereȱableȱtoȱmoveȱfromȱtheȱmildȱOSAȱgroupȱintoȱtheȱnormalȱgroupȱ(AHIȱ
<ȱ5)ȱ (Tuomilehtoȱetȱal.,ȱ2009).ȱModerateȱ toȱsevereȱsleepȱapneaȱpatientsȱhaveȱalsoȱ
beenȱ reportedȱ toȱ achieveȱ aȱ 67%ȱ reductionȱ inȱ theȱAHIȱvaluesȱ ifȱ theyȱunderwentȱ
weightȱ lossȱwithȱ aȱ lowȱ calorieȱ dietȱ (Johanssonȱ etȱ al.,ȱ 2009).ȱ Increasedȱ physicalȱ
exerciseȱ isȱanȱ importantȱwayȱ toȱreduceȱweightȱandȱalsoȱ toȱrelieveȱ theȱseverityȱofȱ
OSA.ȱAȱsignificantȱreductionȱinȱAHIȱandȱODIȱafterȱ12ȱweekȱexerciseȱinterventionȱ
wasȱ reportedȱ evenȱ thoughȱ patientsȱ didȱ notȱ achieveȱ anyȱ significantȱweightȱ lossȱ
(Klineȱ etȱ al.,ȱ 2011).ȱ Thisȱmayȱ haveȱ resultedȱ fromȱ generalȱ strengtheningȱ andȱ anȱ




Forȱ someȱ patientsȱ sufferingȱ fromȱ moderateȱ orȱ severeȱ OSAȱ andȱ excessiveȱ
overweightȱbariatricȱ surgeryȱ couldȱ representȱ anȱoptionȱ (tableȱ 9)ȱ (Charuziȱ etȱ al.,ȱ
1992,ȱDixonȱetȱal.,ȱ2005,ȱGuardianoȱetȱal.,ȱ2003,ȱRasheidȱetȱal.,ȱ2003,ȱScheullerȱandȱ
Weider,ȱ2001,ȱSugermanȱ etȱal.,ȱ1992).ȱRecently,ȱ theyȱalsoȱ reportedȱ thatȱoperatedȱ
patientsȱ notȱ onlyȱ lostȱ 24Ȭ80%ȱ ofȱ theirȱweightȱ butȱ hadȱ aȱ significantȱ fallȱ inȱAHI,ȱ
improvedȱ sleepȱarchitectureȱandȱenhancedȱqualityȱofȱ lifeȱwithȱ lessȱ symptomsȱofȱ
depressionȱ(Dixonȱetȱal.,ȱ2005).ȱȱ










Dixon et al., 2005 25 62 13 
Guardiano et al., 2003 8 55 14 
Rasheid et al., 2002 11 56 23 
Scheuller et al., 2001 15 97 11 
Charuzi et al., 1992 47 61 8 






Otherȱ surgicalȱ optionsȱ forȱ treatingȱOSAȱ haveȱ focusedȱ onȱ theȱ upperȱ airwaysȱ
withȱattemptsȱtoȱmodifyȱdysfunctionalȱpharyngealȱanatomy.ȱHowever,ȱonlyȱ2%ȱofȱ
adultȱ OSAȱ patientsȱ haveȱ spaceȬoccupyingȱ pathologicalȱ lesionȱ whichȱ requiresȱ
surgicalȱ interventionȱ (Sher,ȱ 2002).ȱ Theȱ sizeȱ andȱ shapeȱ ofȱ nasalȱ orȱ pharyngealȱ
airway,ȱ suchȱ asȱ inȱ theȱ nose,ȱ softȱ palateȱ orȱ tongueȱ baseȱmayȱ alsoȱ beȱ surgicallyȱ












repositioningȱ appliancesȱ (MRAs)ȱ areȱ theȱ mostȱ commonȱ typeȱ ofȱ oralȱ devicesȱ
(Dieltjensȱetȱal.,ȱ2012).ȱTheyȱareȱusuallyȱwellȱ toleratedȱandȱ inexpensive,ȱbutȱ lessȱ
effective,ȱespeciallyȱ inȱsevereȱOSAȱ(Johnstonȱetȱal.,ȱ2002).ȱInȱtheȱtwoȱyearȱfollowȬ













Theȱ diagnosisȱ andȱ theȱ classificationȱ ofȱ theȱ obstructiveȱ sleepȱ apneaȱ isȱ currentlyȱ
basedȱ onȱ theȱ OSAȬrelatedȱ clinicalȱ symptomsȱ andȱ theȱ numberȱ ofȱ apneaȱ andȱ
hypopneaȱ eventsȱ orȱ desaturationȱ eventsȱ perȱ hour,ȱ i.e.ȱ theȱ AHIȱ orȱ oxygenȱ
desaturationȱindexȱ(ODI)ȱinȱpolygraphicȱrecordings.ȱȱAHIȱandȱODIȱdoȱnotȱcontainȱ
informationȱaboutȱ theȱ totalȱ timeȱorȱ severityȱofȱ theȱobstructionȱ andȱdesaturationȱ
events.ȱ Inȱ thisȱ thesis,ȱ severalȱnovelȱparametersȱ takingȱaccountȱofȱ theȱ severityȱofȱ










IIȱ Toȱstudyȱ theȱ relationshipsȱofȱ theȱ totalȱdurationȱofȱ theȱobstructionȱofȱ























andȱ analysisȱ techniquesȱ andȱ determinedȱ parametersȱ areȱ summarizedȱ inȱ theȱ
followingȱchaptersȱandȱinȱtableȱ10.ȱȱ
4.1 PATIENTS AND FOLLOW-UP 
Inȱallȱstudiesȱtheȱambulatoryȱrecordingsȱwereȱobtainedȱatȱtheȱbaselineȱofȱtheȱstudyȱ
andȱanalyzedȱretrospectively.ȱBasicȱanthropometricȱdataȱ(height,ȱweight,ȱBMI)ȱandȱ
informationȱ onȱ age,ȱ smokingȱ habits,ȱ theȱ useȱ ofȱ continuousȱ positiveȱ airwayȱ
pressureȱ(CPAP)ȱtreatment,ȱandȱcardiovascularȱmorbidityȱwereȱcollectedȱfromȱtheȱ
patients’ȱmedicalȱrecordsȱinȱKuopioȱUniversityȱHospital.ȱFurthermore,ȱinȱstudiesȱI,ȱ
IIIȱ andȱ IV,ȱ theȱprimaryȱ andȱ secondaryȱ causesȱ ofȱdeathȱwereȱ obtainedȱ fromȱ theȱ
Statisticsȱ Finlandȱ (Helsinki,ȱ Finland)ȱ forȱdeceasedȱ patients.ȱTheȱResearchȱEthicsȱ
Committeeȱ ofȱ theȱ Hospitalȱ Districtȱ ofȱ Northernȱ Savo,ȱ Kuopio,ȱ Finlandȱ hadȱ aȱ
favourableȱopinionȱonȱconductingȱ theseȱ studiesȱ (decisionȱnumbersȱ127/2004ȱandȱ
24/2013).ȱ
ȱ














I 405* 1993-1997 airflow, respiratory 
effort, body position 
and oxygen 
saturation 
187.1±17.6 mortality AHI 




rate, snoring sound 
and body position 
no follow-up none AHI, TAD%, THD%, 
TAHD%, average 
desaturation and 
product of TAHD% 
and average 
desaturation 
III 226* 1993-2001 airflow, respiratory 
effort, body position 
and oxygen 
saturation 
198.2±24.7 mortality AHI and obstruction 
severity 
IV 1068 1993-2001 airflow, respiratory 








* Subgroup of patients investigated in study IV   





Inȱ studyȱ II,ȱ theȱ dataȱwasȱ collectedȱwithȱ twoȱ ambulatoryȱ polygraphicȱ devices:ȱ
Venlaȱ (Remoteȱ Analysisȱ Ltd,ȱ Kuopio,ȱ Finland)ȱ andȱ Emblettaȱ (Emblaȱ Co.,ȱ
Broomfield,ȱCO).ȱTheȱ signalsȱ recordedȱwithȱ theseȱdevices,ȱdescribedȱ inȱdetailȱ inȱ
theȱrelevantȱliteratureȱ(Tiihonenȱetȱal.,ȱ2009),ȱareȱsummarizedȱinȱtableȱ10.ȱInȱstudiesȱ
I,ȱ IIIȱ andȱ IV,ȱ aȱ customȬmadeȱ fourȬchannelȱpolygraphicȱdeviceȱwasȱusedȱ (Figureȱ
5A).ȱTheȱdeviceȱenabledȱrecordingȱofȱairflow,ȱrespiratoryȱeffort,ȱbodyȱpositionȱandȱ
bloodȱ oxygenȱ saturationȱ withȱ synchronousȱ samplingȱ rateȱ ofȱ 4ȱ Hzȱ withȱ 8Ȭbitȱ
amplitudeȱ resolutionȱ (Figureȱ5B).ȱCustomȬmadeȱYȬshapedȱ tripleȬheadȱ thermistorȱ
(2322ȱ 636ȱ 22103,ȱ Philips,ȱ Eindhoven,ȱ Netherlands)ȱ wasȱ usedȱ forȱ recordingȱ ofȱ
airflow.ȱ Anȱ inȬhouseȬmadeȱ piezoelectricȱ (PE)ȱ sensorȱ wasȱ usedȱ toȱ measureȱ
respiratoryȱ effort.ȱ Theȱ bodyȱ positionȱwasȱ detectedȱwithȱ aȱ sensorȱ basedȱ onȱ twoȱ
gravityȬsensitiveȱmercuryȱtiltȱswitchesȱfixedȱatȱaȱ900ȱangleȱtoȱeachȱotherȱandȱatȱ45°ȱ
anglesȱ toȱ theȱplaneȱ representingȱ theȱ supineȱposition.ȱ Inȱ thisȱway,ȱ theȱ fourȱmainȱ
positionsȱ (left,ȱ right,ȱ supineȱ andȱ prone)ȱ couldȱ beȱ recorded.ȱAȱMinoltaȱPulsoxȬ7ȱ







Figure 5. A) A custom-made four-channel polygraphic device (subject’s permission 
obtained). B) Example of airflow, blood oxygen saturation, respiratory effort 






4.3 PARAMETERS AND SIGNAL ANALYSIS 
Allȱrecordingsȱwereȱanalyzedȱbasedȱonȱtheȱstandard,ȱinternationallyȱusedȱAASMȱ
respiratoryȱ rulesȱ (Iber,ȱ 2007).ȱ Aȱ sleepȱ apneaȱ eventȱ wasȱ detectedȱ whenȱ theȱ
thermistorȱ signalȱ amplitudeȱ fellȱbelowȱ 20%ȱofȱ theȱ referenceȱ levelȱ forȱ atȱ leastȱ 10ȱ
seconds.ȱHypopneaȱeventsȱwereȱscoredȱusingȱtheȱruleȱ4Aȱ(Iber,ȱ2007).ȱInȱorderȱtoȱ
beȱ scoredȱ asȱ hypopnea,ȱ theȱ airflowȱ signalȱ hadȱ toȱ decreaseȱ toȱ 70%ȱ andȱ theȱ
desaturationȱeventȱ(>ȱ4%)ȱhadȱtoȱoccurȱnoȱ laterȱthanȱ20ȱsecondsȱafterȱtheȱstartȱofȱ
theȱ hypopnea.ȱ Furthermore,ȱ novelȱ parameters,ȱ containingȱ exactȱ quantitativeȱ
informationȱ onȱ severityȱ andȱ morphologyȱ ofȱ individualȱ obstructionȱ andȱ
desaturationȱ events,ȱ wereȱ determinedȱ byȱ usingȱ aȱ customȬmadeȱ MATLABȱ
(Mathworks,ȱNatick,ȱMA,ȱUSA)ȱscript.ȱ
ȱ
Inȱ studyȱ I,ȱ onlyȱ conventionalȱAHIȱ (equationȱ 1,ȱ tableȱ 11)ȱwasȱ determined.ȱ Inȱ
studyȱ II,ȱnewȱparametersȱwereȱ introduced,ȱwhichȱ containedȱ informationȱonȱ theȱ
totalȱ durationȱ ofȱ respiratoryȱ eventsȱ andȱ averageȱ desaturationȱ duringȱ theȱ
recording.ȱ Parametersȱwereȱ totalȱ apneaȱ durationȱ asȱ aȱ percentageȱ ofȱ sleepȱ timeȱ
(TAD%,ȱ equationȱ 2,ȱ tableȱ 11),ȱ totalȱhypopneaȱdurationȱ asȱ aȱpercentageȱ ofȱ sleepȱ
timeȱ (THD%,ȱ equationȱ 3,ȱ tableȱ 11),ȱ totalȱ combinedȱ cumulativeȱ apneaȱ andȱ
hypopneaȱdurationȱasȱaȱpercentageȱofȱsleepȱ timeȱ (TAHD%,ȱequationȱ4,ȱ tableȱ11)ȱ
andȱalsoȱtheȱproductȱofȱTAHD%ȱandȱaverageȱdesaturationȱ(equationȱ5,ȱtableȱ11).ȱȱ
ȱ
Inȱ studyȱ III,ȱ aȱ novelȱ parameterȱ calledȱ “obstructionȱ severity”ȱwasȱ introducedȱ
(equationȱ 6,ȱ tableȱ 11),ȱ containingȱ quantitativeȱ informationȱ onȱ theȱ severityȱ andȱ
morphologyȱ ofȱ individualȱ obstructionȱ andȱdesaturationȱ events.ȱTheȱ obstructionȱ
severityȱparameterȱconsistedȱofȱtheȱsumȱofȱ theȱproductsȱofȱ individualȱapneaȱandȱ













Table 11. Definitions of the parameters determined in this thesis 
 
study equation abbreviation equation 
I 1 AHI  ൅ 
    
II 2 TAD% 
 
σ ୬୐୬ୀଵ
   
II 3 THD% 
 
σ ୬୐୬ୀଵ
   
II 4 TAHD% 
 
σ ୬୐୬ୀଵ ൅ σ ୬୐୬ୀଵ
   
II 5 product of TAHD% 
and average 
desaturation 
σ ୬୐୬ୀଵ ൅ σ ୬୐୬ୀଵ
  ൈ 
III 6 obstruction severity σ ሺ୬ ൈ ୬ሻ ൅୐୬ୀଵ σ ሺ୬୐୬ୀଵ ൈ ୬ሻ
 
III 7 individual apnea- 
event severity 
୬ ൈ ୬ 
III 8 individual hypopnea- 
event severity 
୬ ൈ ୬ 
IV 9 adjusted AHI 
 
ͷǤ͵ʹͺ ൈ ඥ 
L denotes the number of the analysed events in the recording, index time denotes the 
total analysed time (s), ApDur (s) denotes the duration of a single apnea event, 
HypDur (s) denotes the duration of a single hypopnea event, DesArea (s%) denotes 
the area of a single desaturation event 
 
Figure 6. The values of obstruction severity were converted to values of adjusted AHI 
through linear fit between AHI and square root of obstruction severity. 



















4.4 STATISTICAL ANALYSES 
StatisticalȱanalysesȱwereȱconductedȱwithȱSPSSȱsoftware,ȱStataȱStatisticalȱSoftwareȱ
andȱ Rȱ versionȱ (tableȱ 12).ȱ Inȱ studyȱ I,ȱ theȱKaplanȬMeierȱ estimatesȱ ofȱ cumulativeȱ






withȱ theȱ Kruskalȱ WallisȬtestȱ andȱ theȱ correlationsȱ betweenȱ parametersȱ wereȱ
calculatedȱ byȱ determiningȱ theȱ Pearsonȱ orȱ Spearmanȱ correlationȱ coefficients.ȱ Inȱ
studyȱ III,ȱ multivariableȱ logisticȱ regressionȱ analysisȱ wasȱ usedȱ toȱ assessȱ theȱ
differencesȱbetweenȱ livingȱandȱdeceasedȱpatients.ȱFurthermore,ȱtheȱmixedȬmodelȱ
approachȱ wasȱ appliedȱ toȱ testȱ theȱ differenceȱ betweenȱ theȱ distributionsȱ ofȱ theȱ
severitiesȱ ofȱ individualȱ obstructionȱ eventsȱ determinedȱ forȱ livingȱ andȱ deceasedȱ
patients.ȱInȱstudyȱIV,ȱtheȱsignificanceȱofȱdifferenceȱbetweenȱtheȱconventionalȱAHIȱ
andȱadjustedȱAHIȱwasȱstudiedȱusingȱtheȱMannȬWhitneyȱUȱtest.ȱLinearȱregressionȱ
analysisȱ wasȱ usedȱ toȱ investigateȱ theȱ relationshipȱ betweenȱ theȱ squareȱ rootȱ ofȱ
obstructionȱ severityȱ Ȭparameterȱ andȱAHI.ȱ Furthermore,ȱ theȱ TȬtestȱwasȱ usedȱ toȱ
evaluateȱtheȱdifferencesȱinȱfollowȬupȱtimeȱnormalizedȱriskȱratiosȱofȱmortalityȱandȱ
morbidityȱbetweenȱ theȱpatientsȱwithȱorȱwithoutȱOSA.ȱThroughoutȱ theȱ thesisȱ theȱ
limitȱofȱstatisticalȱsignificanceȱwasȱsetȱtoȱp<0.05.ȱȱ
Table 12. The statistical tests applied in studies I-IV 
 
Study Statistical tests Software 
I Uni- and multivariable Cox proportional Hazard 
models,  
Kaplan-Meier estimates, 




II Kruskal Wallis test, 
Pearson and Spearman’s correlation 
SPSS versions 14.0 
and 17.0 
III Multivariable logistic regression analysis, 
mixed-model 
 
SPSS version 20.0 
IV Mann-Whitney U test, 
linear regression analysis, 
T-test 
SPSS version 20.0 
and  












Inȱ summary,ȱ OSAȱwasȱ foundȱ toȱ beȱ linkedȱ toȱ anȱ increasedȱmortalityȱ rateȱ andȱ
morbidity.ȱ Theȱ novelȱ parametersȱ incorporatingȱ durationȱ andȱ morphologyȱ ofȱ
obstructionȱ andȱ desaturationȱ eventsȱ wereȱ foundȱ toȱ provideȱ importantȱ
supplementaryȱinformationȱinȱadditionȱtoȱthatȱobtainedȱwithȱconventionalȱAHIȱinȱ
theȱestimationȱofȱtheȱseverityȱofȱOSA.ȱ
5.1 ESTIMATION OF SLEEP APNEA SEVERITY WITH AHI  
Inȱstudyȱ I,ȱ theȱpatientsȱwithȱmoderateȱandȱsevereȱOSAȱhadȱsignificantlyȱ (p<0.05)ȱ
higherȱmortalityȱ (hazardȱ ratioȱ 3.13)ȱ thanȱ theirȱ counterpartsȱwithoutȱOSAȱ (tableȱ
13).ȱInȱaddition,ȱtheȱcardiovascularȱmortalityȱwasȱhigherȱinȱtheȱmoderateȱtoȱsevereȱ
categories,ȱ butȱ afterȱ adjustmentȱ forȱ age,ȱ BMIȱ andȱ smoking,ȱ theȱ resultȱwasȱ noȱ
longerȱstatisticallyȱsignificant.ȱ
Table 13. Hazard ratios of mortality of patients in different AHI-groups, (mean and 












age, BMI and 
smoking 






















mortality related to 




























5.2 CONNECTION BETWEEN DURATION AND MORPHOLOGY OF 








averageȱdesaturationȱ(TAHD%)ȱ itȱwasȱ intendedȱ toȱobtainȱanȱestimateȱofȱ theȱ trueȱ
severityȱofȱ theȱdisease.ȱTheȱ correlationȱofȱAHIȱandȱproductȱofȱTAHD%ȱandȱ theȱ




Figure 7. A) The average duration (+SD) of individual apnea events was found to 
increase in conjunction with the progression of OSA. B) The relative duration of apnea 
events increased along with the progression of the disease. C) Patients with similar 
AHI values showed substantial differences in the product of the average desaturation 







Inȱ studyȱ III,ȱ theȱ “obstructionȱ severity”ȱ –parameterȱ wasȱ introduced,ȱ
incorporatingȱtheȱseveritiesȱofȱindividualȱobstructionȱevents.ȱTheȱpotentialȱbenefitsȱ
ofȱthisȱparameterȱwereȱevaluatedȱbyȱcomparingȱaliveȱandȱdeceasedȱmaleȱpatientsȱ
(113ȱ pairs),ȱ matchedȱ forȱ AHI,ȱ BMI,ȱ ageȱ andȱ followȬupȱ time.ȱ Theȱ obstructionȱ
severityȱwasȱhigherȱ inȱ thoseȱpatientsȱwhoȱdiedȱduringȱ theȱ followȬupȱwhenȱ theyȱ
wereȱcomparedȱwithȱtheȱsurvivingȱpatients.ȱFurthermore,ȱtheȱobstructionȱseverityȱ
wasȱ theȱonlyȱparameterȱ statisticallyȱ significantlyȱ relatedȱ toȱmortalityȱ inȱpatientsȱ







Figure 8. A) Spearman’s correlation between AHI values of alive and deceased 
patients. B) Spearman’s correlation between the obstruction severity-values of alive 
and deceased patients. The relations between obstruction severity-values of alive and 
deceased patients deviates from the centre line (dashed) indicating more severe 
disease in deceased patients. C) The probability densities of the individual obstruction 
events severities in severe OSA for alive and deceased patients. The deceased patients 
had smaller proportion of less severe events compared to the alive patients and the 
proportion of more severe events was higher.  















ALIVE, median value 2061s2%
DECEASED, median value 3861s2%
















ObsSevalive = 0.416 x ObsSevdeceased
r2=0.510, p<0.001, n=113





























forȱdiagnosticsȱofȱ theȱseverityȱofȱ theȱdisease.ȱ Inȱ studyȱ IV,ȱ itȱwasȱ shownȱ thatȱ theȱ
riskȱ ratiosȱ ofȱ allȬcauseȱ mortalityȱ andȱ cardiovascularȱ mortalityȱ wereȱ higherȱ inȱ




Figure 9. A) Proportion of all-cause mortality in patients diagnosed not to have OSA 
(AHI < 5) or to have OSA (AHI  5). The group of patients diagnosed as having OSA 
based on adjusted AHI included a higher proportion of deceased patients than the 
group estimated from conventional AHI. B) Follow-up time adjusted risk ratio of all 
cause of mortality. Especially in the severe OSA group the risk ratio was elevated 
when diagnosis was based on the adjusted AHI. The black dot indicates statistically 





theȱ diagnosticȱ groupsȱ tookȱ placeȱ whenȱ theȱ adjustedȱ AHIȱ insteadȱ ofȱ theȱ
conventionalȱAHIȱwasȱusedȱ(figureȱ10).ȱȱ
ȱ
Figure 10. A) AHI as a function of adjusted AHI. Patients 1 (AHI = 43.9, adjusted 
AHI = 23.9) and 2 (AHI = 24.4, adjusted AHI = 50.6) represent typical cases 
receiving different OSA classifications depending on whether the diagnosis is based on 
conventional AHI or adjusted AHI. B) Polygraphic recordings of the patients. Patient 1 
















inȱ theȱ futureȱ (Youngȱetȱal.,ȱ2002).ȱBecauceȱofȱ this,ȱanȱeffectiveȱ screeningȱofȱOSAȱ
andȱsubsequentlyȱtheȱidentificationȱofȱthoseȱpatientsȱwhoȱareȱatȱtheȱhighestȱriskȱofȱ





inȱ Finlandȱ (Marinȱ etȱ al.,ȱ 2005,ȱWonȱ etȱ al.,ȱ 2013).ȱ Furthermore,ȱ theȱ severityȱ ofȱ
individualȱapneaȱandȱhypopneaȱeventsȱhasȱbeenȱinvestigatedȱinȱonlyȱaȱfewȱstudiesȱ
(Kulkasȱetȱal.,ȱ2013b,ȱOteroȱetȱal.,ȱ2010,ȱOteroȱetȱal.,ȱ2012).ȱKulkasȱetȱal.ȱexaminedȱ
thisȱ issueȱ andȱ reportedȱ thatȱpatientsȱwithȱ similarȱAHIȱvaluesȱ couldȱ sufferȱ fromȱ
OSAȱofȱveryȱdifferentȱseveritiesȱ(Kulkasȱetȱal.,ȱ2013a).ȱTheyȱalsoȱreportedȱthatȱtheȱ




sleepȱapneaȱ inȱ theȱFinnishȱpopulation.ȱ InȱFinland,ȱespeciallyȱ inȱeasternȱFinland,ȱ
theȱ pronenessȱ toȱ coronaryȱ heartȱ diseaseȱ isȱ significantlyȱ elevatedȱ inȱ relationȱ toȱ
otherȱ countriesȱ (Jousilahtiȱ etȱ al.,ȱ 1998,ȱ WHO,ȱ 1993).ȱ Theȱ secondȱ aimȱ wasȱ toȱ
investigateȱ theȱ connectionȱbetweenȱ theȱ severityȱofȱ individualȱobstructionȱ eventsȱ
andȱmortalityȱandȱmorbidity.ȱFurther,ȱitȱwasȱintendedȱtoȱevaluateȱnovelȱdiagnosticȱ







theȱ patientsȱ withȱ moderateȱ toȱ severeȱ OSAȱ hadȱ aȱ significantlyȱ (p<0.05)ȱ higherȱ
mortalityȱoverȱtheȱ12ȱyearsȱfollowȬupȱ(hazardȱratioȱ3.13)ȱthanȱtheȱpatientsȱwithoutȱ
OSA.ȱTheȱoverallȱmortalityȱwasȱ 26.4%ȱ inȱmoderateȱ toȱ severeȱOSAȱ comparedȱ toȱ
onlyȱ 9.7%ȱ inȱ theȱ controlȱ groupȱ (i.e.,ȱmenȱwithȱ normalȱ findingsȱ inȱ PSG).ȱ Theseȱ






lineȱwithȱ theȱrecentȱstudyȱofȱMartinezȬGarciaȱetȱal.ȱreportingȱ thatȱalsoȱ inȱelderlyȱ
individualsȱ untreatedȱ OSAȱwasȱ associatedȱwithȱ theȱ riskȱ ofȱ allȬcauseȱmortalityȱ
(hazardȱ ratioȱ 1.99)ȱ andȱ cardiovascularȱmortalityȱ (hazardȱ ratioȱ 2.25)ȱ (MartinezȬ
Garciaȱ etȱ al.,ȱ 2012).ȱHereȱ theȱ hazardȱ ratioȱ forȱ cardiovascularȱmortalityȱ (4.04)ȱ ofȱ
patientsȱwithȱmoderateȱ toȱ severeȱ OSAȱwasȱ alsoȱ elevated.ȱ Thisȱ resultȱwasȱ notȱ
statisticallyȱ significant,ȱ whichȱ mayȱ beȱ dueȱ theȱ limitedȱ numberȱ ofȱ patients.ȱ




Studyȱ IIȱ investigatedȱ theȱ totalȱ durationȱ ofȱ apneaȱ andȱ hypopneaȱ eventsȱ andȱ
averageȱ desaturationȱ andȱ reportedȱ thatȱ patientsȱ havingȱ aȱ similarȱ conventionalȱ
AHIȱ canȱ displayȱ significantȱ differencesȱ inȱ theȱ valuesȱ ofȱ theseȱ newȱ parameters.ȱ
Thusȱ eitherȱAHIȱ orȱODIȱ aloneȱmayȱ notȱ reflectȱ theȱ trueȱ severityȱ ofȱ theȱ disease,ȱ





OSAȱgroup.ȱForȱaȱpatientȱsufferingȱ fromȱ theȱmostȱsevereȱ formȱofȱ theȱdiseaseȱ theȱ
totalȱdurationȱofȱapneaȱandȱhypopneaȱeventsȱwasȱ70%ȱofȱtheȱrecordedȱtime.ȱThisȱisȱ
strikinglyȱhighȱ andȱmayȱ increaseȱ significantlyȱ theȱ riskȱ ofȱ suddenȱdeathȱorȱnonȬ
fatalȱcardiovascularȱevents.ȱItȱwasȱnotedȱthatȱtheȱdepthȱofȱdesaturationȱincreasedȱ
significantlyȱ asȱ aȱ functionȱ ofȱ theȱ severityȱ ofȱOSA,ȱwhichȱ indicatesȱ thatȱ asȱ theȱ
diseaseȱ progresses,ȱ theȱ adaptationȱ toȱ higherȱ carbonȱ dioxideȱ levelsȱ reducesȱ theȱ
centralȱdriveȱtoȱbreathe.ȱTheseȱresultsȱareȱinȱlineȱwithȱtheȱviewsȱofȱOteroȱetȱal.ȱwhoȱ




Inȱ studyȱ III,ȱ theȱpotentialȱofȱobstructionȱ severityȱparameterȱ introducedȱ alongȱ
severalȱ newȱ parametersȱ byȱ Kulkasȱ etȱ al.ȱ (Kulkasȱ etȱ al.,ȱ 2013b).ȱ Theȱ novelȱ
obstructionȱseverityȱparameterȱcontainsȱinformationȱonȱtheȱdurationȱofȱindividualȱ
apneaȱandȱhypopneaȱeventsȱandȱalsoȱtheȱrelatedȱdesaturationȱareas,ȱnormalizedȱtoȱ
theȱ totalȱ timeȱ analyzed.ȱ Itȱ wasȱ hypothesizedȱ thatȱ thisȱ newȱ parameterȱ wouldȱ
provideȱmoreȱinformationȱthanȱconventionalȱAHI.ȱThisȱhypothesisȱwasȱevaluatedȱ
byȱcomparingȱobstructionȱseverityȱinȱdeceasedȱandȱaliveȱpatientsȱwithȱsimilarȱAHIȱ
values.ȱ Theȱ deceasedȱ patientsȱ wereȱ foundȱ toȱ haveȱ higherȱ valuesȱ inȱ termsȱ ofȱ
obstructionȱ severityȱ thanȱ theȱ aliveȱ AHIȬmatchedȱ patients.ȱ Thisȱ supportsȱ theȱ
workingȱhypothesisȱ andȱ indicatesȱ thatȱ theȱobstructionȱ severityȱparameterȱ couldȱ
provideȱ additionalȱ diagnosticȱ andȱ prognosticȱ informationȱ thanȱ canȱ beȱ obtainedȱ
fromȱconventionalȱAHI.ȱTheȱpresentȱresultsȱareȱsupportedȱbyȱreportsȱthatȱpatientsȱ
withȱ excessiveȱ daytimeȱ sleepinessȱ haveȱ longerȱ apneaȱ eventsȱ andȱ deeperȱ





connectedȱwithȱ theȱ incidenceȱofȱcardiovascularȱdiseaseȱ (Punjabiȱetȱal.,ȱ2008).ȱTheȱ
obstructionȱ severityȱ parameterȱ takesȱ intoȱ accountȱ theȱ totalȱ areaȱ ofȱ theȱ oxygenȱ




notȱallowȱ forȱ theȱ classificationȱofȱ theȱdiseaseȱ severityȱaccordingȱ toȱ theȱ currentlyȱ
usedȱ internationalȱ AASMȬGuidelines.ȱ Thereforeȱ itȱ wasȱ decidedȱ toȱ convertȱ theȱ
obstructionȱ severityȱ parameterȱ intoȱ valuesȱ ofȱ AHI.ȱ Thisȱ wasȱ achievedȱ byȱ
calculatingȱaȱ linearȱ fitȱbetweenȱ theȱ squareȱ rootȱofȱobstructionȱ severityȱandȱAHI.ȱ
WhenȱusingȱadjustedȱAHIȱforȱtheȱclassificationȱofȱpatients,ȱaȱclearȱrearrangementȱ
wasȱ evidentȱ betweenȱ theȱ severityȱ categories.ȱ Afterȱ thisȱ rearrangement,ȱ higherȱ
numberȱofȱdeceasedȱpatientsȱwasȱfoundȱ inȱtheȱOSAȬgroupȱ(AHIȱǃȱ5).ȱThisȱ isȱ lineȱ
withȱtheȱviewȱofȱOteroȱetȱal.ȱthatȱconventionalȱAHIȱunderestimatesȱtheȱseverityȱofȱ
OSAȱ(Oteroȱetȱal.,ȱ2010).ȱTheȱriskȱratiosȱofȱallȬcauseȱmortalityȱandȱcardiovascularȱ
mortalityȱ wereȱ higherȱ inȱ theȱ moderateȱ andȱ severeȱ OSAȱ groupsȱ whenȱ theȱ
classificationȱwasȱbasedȱonȱ theȱadjustedȱAHI.ȱTherefore,ȱ theȱadjustedȱAHIȱcouldȱ
helpȱ inȱ recognizingȱ thoseȱOSAȱpatientsȱwithȱ theȱhighestȱ riskȱofȱsufferingȱ severeȱ
healthȱconsequences.ȱThisȱisȱinȱlineȱwithȱtheȱresultsȱofȱPunjabiȱetȱal.,ȱwhoȱreportedȱ
thatȱtheȱdegreeȱofȱnocturnalȱhypoxemiaȱwasȱanȱindependentȱpredictorȱofȱmortalityȱ
(Punjabiȱ etȱ al.,ȱ 2009)ȱ andȱ Pekerȱ etȱ al.ȱ claimingȱ thatȱ lowȱ oxygenȱ saturationȱwasȱ
associatedȱwithȱaȱriskȱofȱcoronaryȱarteryȱdiseaseȱ(Pekerȱetȱal.,ȱ2006).ȱFurthermore,ȱ









Despiteȱ theȱ veryȱ promisingȱ results,ȱ thereȱ areȱ certainȱ limitationsȱ toȱ beȱ
recognizedȱ inȱ theȱ presentȱ study.ȱ First,ȱ allȱ recordingsȱ wereȱ conductedȱ withȱ
ambulatoryȱ devicesȱ notȱ allowingȱ theȱ recordingȱ ofȱ EEG.ȱ Therefore,ȱ itȱ wasȱ notȱ
possibleȱ toȱconductȱanȱaccurateȱdeterminationȱofȱ theȱ totalȱ timeȱasleep.ȱTheȱ totalȱ
sleepȱ timeȱ wasȱ estimatedȱ byȱ inspectingȱ theȱ rawȱ signals.ȱ Asȱ allȱ determinedȱ
parametersȱ involvedȱnormalizationȱwithȱ theȱ totalȱsleepȱ time,ȱ thisȱ isȱaȱ significantȱ
sourceȱofȱuncertainty.ȱFurthermore,ȱtheȱlackȱofȱEEGȱdataȱaffectsȱtheȱselectionȱofȱtheȱ
ruleȱforȱdetectingȱhypopneas.ȱTheȱarousalsȱcouldȱnotȱbeȱdetectedȱandȱ theȱAASMȱ
ruleȱ 4Aȱ hadȱ toȱ beȱused.ȱ Inȱ studiesȱ I,ȱ IIIȱ andȱ IV,ȱ aȱ thermistorȱwasȱusedȱ forȱ theȱ
detectionȱ ofȱ airflow.ȱ Thisȱ couldȱ haveȱ affectedȱ theȱ durationȱ ofȱ theȱ detectedȱ
hypopneaȱ eventsȱ andȱ alsoȱ influencedȱ theȱ numberȱ ofȱ detectedȱ hypopneas.ȱ






withȱ theȱ AASMȱ Guidelinesȱ andȱ thusȱ itȱ isȱ believedȱ thatȱ theseȱ technicalȱ
shortcomingsȱ haveȱ notȱ affectedȱ theȱ reliabilityȱ ofȱ theȱ conclusions.ȱ Oneȱ notableȱ
factorȱisȱtheȱselectionȱofȱtheȱcontrolȱgroup.ȱTheȱpatientsȱincludedȱ intoȱtheȱcontrolȱ
groupȱdidȱnotȱmeetȱ theȱcriteriaȱ forȱOSAȱ (AHIȱ<ȱ5),ȱbutȱ theyȱallȱwereȱ referredȱ toȱ
ambulatoryȱ polygraphicȱ recordingsȱ dueȱ toȱ aȱ suspicionȱ ofȱ sleepȱ disorderedȱ
breathing.ȱ Thisȱ isȱ notȱ anȱ optimalȱ controlȱ groupȱ andȱ inȱ factȱ randomȱ healthyȱ
controlsȱfromȱgeneralȱpopulationȱwouldȱhaveȱbeenȱmoreȱsuitable.ȱHowever,ȱitȱisȱaȱ
widelyȱ usedȱ methodȱ inȱ relatedȱ publicationsȱ toȱ useȱ subjectsȱ withȱ theȱ normalȱ
findingsȱasȱ“controls”.ȱOnȱtheȱotherȱhand,ȱsomeȱofȱourȱcontrolȱgroupȱpatientsȱmayȱ
haveȱhadȱpartialȱstenosisȱofȱtheȱupperȱrespiratoryȱtractȱorȱupperȱairwayȱresistanceȱ





inevitablyȱ ledȱ toȱcompromisesȱ inȱ theȱselectionȱofȱcontrolȱgroupȱandȱcomplicatedȱ
somewhatȱ theȱ collectionȱ ofȱ patientsȱ dataȱ fromȱ hospitalȱ archives.ȱ Itȱ isȱ alsoȱ lessȱ
controlledȱthanȱcouldȱhaveȱbeenȱwithȱaȱprospectiveȱstudy.ȱȱ
ȱ
Theȱveryȱpracticalȱclinicalȱbenefitȱofȱ thisȱstudyȱmayȱbeȱ thatȱ itȱprovidesȱaȱnewȱ










newȱ parameterȱ inȱ clinicalȱ practice,ȱ theseȱ patientsȱ canȱ alsoȱ beȱ treatedȱ moreȱ
effectivelyȱ (e.g.,ȱbeȱ candidatesȱ forȱ earlyȱ initiationȱofȱCPAPȬtreatment).ȱHowever,ȱ
thereȱareȱaȱnumberȱofȱpolysomnographyȱparametersȱ (e.g.ȱODI10,ȱODI20ȱandȱ theȱ
lowestȱ SpO2)ȱ thatȱ couldȱ beȱ comparedȱ toȱ theȱ adjustedȱ AHIȱ toȱ assessȱ theirȱ
predictabilityȱonȱmortalityȱandȱmorbidityȱinȱOSAȱpatients.ȱThisȱcouldȱalsoȱenableȱ
developmentȱ ofȱ newȱ improvedȱ sensitiveȱ andȱ specificȱ polysomnographyȱ
parametersȱwhichȱwouldȱbetterȱdistinguishȱ thoseȱpatientsȱ thatȱwillȱbenefitȱmostȱ
fromȱ theȱdifferentȱ treatmentȱoptions.ȱFurthermore,ȱ theȱ inclusionȱofȱotherȱ factorsȱ
suchȱasȱsleepingȱpositionȱ inȱ theȱadjustedȱAHIȱcouldȱenhanceȱ itsȱpotential.ȱWhenȱ







beȱ incorporatedȱ intoȱcommercialȱpolysomnographyȱ softwareȱpackages.ȱWeȱhaveȱ











hypopneaȱ indexȱ (AHI).ȱHowever,ȱAHIȱdoesȱnotȱrevealȱdirectȱ informationȱonȱ theȱ
totalȱtimeȱorȱseverityȱofȱtheȱobstruction.ȱThisȱthesisȱintroducesȱaȱnovelȱobstructionȱ
severityȱ parameterȱ incorporatingȱ thisȱ information.ȱ Inȱ addition,ȱ aȱ methodȱ wasȱ
devisedȱ forȱ convertingȱ theȱobstructionȱ severityȱparameterȱvaluesȱ intoȱunitsȱofȱ aȱ
parameterȱcalledȱadjustedȱAHI.ȱThisȱpermitsȱoneȱtoȱuseȱtheȱAASMȱAHIȱlimitsȱforȱ
diagnosticsȱofȱ theȱ severityȱofȱ theȱdisease.ȱTheȱmainȱ findingsȱareȱ summarizedȱ inȱ
respectȱtoȱtheȱaimsȱofȱtheȱthesisȱasȱfollows:ȱ





IIȱȱ PatientsȱwithȱsimilarȱAHIȱvaluesȱshowedȱ significantȱvariationȱ inȱ theȱ
valuesȱ ofȱ theȱ novelȱ parametersȱ incorporatingȱ averageȱ oxygenȱ
desaturationȱandȱtheȱtotalȱdurationȱofȱtheȱobstructionȱofȱupperȱairwayȱ
(TAD%,ȱ THD%,ȱ TAHD%ȱ andȱ theȱ productȱ ofȱ averageȱ depthȱ ofȱ




IIIȱȱ Inȱ contrastȱ toȱAHI,ȱobstructionȱ severityȱwasȱ relatedȱ inȱaȱ statisticallyȱ
significantȱmannerȱtoȱmortalityȱinȱtheȱsevereȱOSAȱcategory.ȱThus,ȱtheȱ
obstructionȱ severityȱ parameterȱ providedȱ valuableȱ prognosticȱ
informationȱsupplementingȱtheȱAHIȱdata.ȱȱ
ȱ
IVȱȱ Theȱ adjustedȱ AHIȱ parameterȱ enablesȱ efficientȱ recognitionȱ ofȱ thoseȱ





Toȱ conclude,ȱ inȱ thisȱ thesis,ȱ novelȱ parametersȱ forȱ diagnosticsȱ ofȱ OSAȱ wereȱ
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Obstruction Event Severity in
Diagnostics of Sleep Apnea
Anu Muraja-Murro
Obstruction Event Severity in
Diagnostics of Sleep Apnea
Obstructive sleep apnea (OSA), the 
most common sleep disorder, is 
characterized with repeated epi-
sodes of blockage of upper airway 
during sleep.  Currently, diagnosis 
and classification of OSA is based on 
the number of apnea and hypopnea 
events or desaturation events per 
hour. The purpose of this study was 
to create a novel diagnostic param-
eter containing information on se-
verity of individual obstruction and 
desaturation events. Adjusted AHI 
parameter was introduced and shown 
to improve the recognition of the 
patients with the highest risk of the 
severe health consequences of OSA.
